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THE USE:OF MODELS IN INVESTIGATING: THE 
“RESISTANCE: OF. SHIP: STRUCTURES: TO« 

b: The: of; a;mechanical,, of given side 
and ‘shape; ‘under| ;, depends .,apon 
various; physical properties of the. structural.materials, and 
Of::the surrounding: medium; asi well,as.on the, outside 
actions on the structure due to the circumstances in which 
itjis placéd!.| And, when alliof;these properties andjactions 
which|are of/.any; sensible importance; are taken ac; 
count; rit isi-cléar that,there, must, be some, definite relation 
between them ,anid, the:;behavior; of the :structure,, so, that 
when. they: the: behavior, of; the structure is 
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If.only the shape of is iven, its size is one 


of the possible vari it may be specified by the 
value of some selected linéat dimension D. Let P, P’,--- 
_ Ste. represent ‘the physi¢al: properties in, 
- the tensile strength of the structural material or the density 
of the surrounding air or water. Let A, A’, etc. represent 
the'‘outside actions on the structure, e.g. forces, couples, 
etc. Let X, X’, etc. represent quantities which define the 
behavior of the structure,—accelerations, ‘deformations, 
etc. Then the fact that the behavior of the structure 
depends on and is completely determined by. the properties 
-P, the outside actions A, and the absolute sizeD, miay ‘be 
expressed by. saying: that for each: x there i is. ‘an equation 


go that if the form of the operator were known, it'would 
be possible to find out from the equation how X would be 
affected by changes in aly of the quantities in the second 
member. 

A model differs from its original, geometrically, only in 
size, i.e. by having a different valueof D. If the properties 
-’P are the same for the model’ as for the original, the model 

will not; in general, behave like the original 'when subjected 
to the same outside actions.’ For if all: the P’s and A’s in 
equation (1) aré kept constant, a change of D caused by 
-substitutifig the model for den 
cause a change in’ X.” 
But in passing from the to te it 
possible, while leaving some’of the P's and A's unaltered, 
to adjust the others in such a way that each X shall rémain 
unchanged; notwithstanding the-diminution of D. ‘If:this 
is done, the behavior of the model'under these new’ condi- 
tions will be the same as that of the full sized structure 
under the original conditions contemplated for it; and obser- 
vations on the model will show how the original structure 
would behave, if the: full scale: experiment were ‘earried out. 
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The foregoing paragraph contains: the principle on which 
all model ‘experiments must be\conducted inorder to furnish 
reliable: information about: the: full ‘scale! originals. The: 
model! is: made geometrically similar to thé original; with 
its diminished in’ sOme known ratio.» Itusually hap- 
pens ‘that ‘some ‘ofthe’ physical properties, P; cannot ‘be 
adjusted ‘arbitrarily. With)a ship: model, example; it 
may not be'practicable to use any other liquid than-water, 
so that if the density of the medium is one of the P’s which 
affect what ‘happens, this P ‘has ‘to remain fixed, ‘Some'of 
the outside actions may also have to be left:urlaltered,+- 
gravity for example. But if there remains a sufficient 
number of the P’s and ‘A’s which can be controlled and given 
arbitrarily ‘chosen’ values; the ‘model’ maybe’ made! to 
behave like the original. | The problem of conducting valid 
model expériments consists, therefore; first! in finding ‘out 
what these adjustments must! be)’and’ second in selecting 
thé materials of construction of the model and arranging the 
circumstances of the model: ‘experiment’ so thatthe: 
ments shall be satisfied. te 


The first part of the problem is‘ purely theeretivat! and 


its solution’ tells us ‘what! ought’ to’ be done. The second 
part consists! in’ the carrying out’ of these: instructions; 
which! mayor may flot be practicable.’ Butin any event 
and whatever the nature of the phenomenon under’con- - 
sideration, the first thing to be done when considering ‘the 
possibility of getting’ useful information from experiments 
on'models, isto investigate the conditions’ which ‘must! be 
satisfied’ in ‘orderto make ‘the model “experiment “‘¢orre< 
spond” ‘tothe full ‘scale! one, so that the‘ behavidr of the 
model! ‘shall be! ““dyniamically ‘gimilar’® that! of the 
is'a’ship structure of given design;'size, and’ material,! which: 
is ‘subject’ to!" ‘deformation! by! the explosion’ of: a imine? 
torpedo; “depth ‘charge, or’ If the ‘model ‘is 
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built-of: suitable material and:all the:essential ciroumistati¢es 
of the\modelexplosion: are properly arranged; the! model 
will be deformed-in just;the same way as the larger struc- 
ture; and iit will be possible to determine from models, 
only the: relative strength and. effectivenéss: of: different 
types: of: construction, but; also’ the absolute. amotuntrof 
injury that would: be:caused to the full, ‘sized structure: by 
any sort of explosion ‘that:can: be imitated: the small 
scale. -We have to consider what the requirements are for 
this: sort of model. ‘maybe 


halter aby 


first), of. all i is that in, the: ‘initial, state, 
before: the ,explosion,: the,whole model..system shall,be a 
complete:small: scale reprodution of, the larger, one;’this 
geometrical similarity. including the shape,and size’ of, the 
explosive charge and its container, the position of the charge 
with relation to the, ship, structure, and) for, submerged, 
explosions, the depth of immersion. *Parts.of the structure 
which are so,far from the'seat'of the explosion 
sensibly. strained, by, it, may, of course, shave, any) con- 
venient, shape.and construction, but in) the: parts; direetly, 
concerned, — similarity) must, be carefully. jat- 
temdedsto;: concn sfid to revetanw 

built wp. it is not) practicable, to;make. 
small sealeomodels, accurately similar. to; their, large orig, 
inals. But iin, view of. the. difficulty..of; duplicating, such 
structures very: closely}, even no change. of scale; it; is 
evident; that, a: higher order. of reproducibility ;can ‘not-be 
expected for the experimental results, and it is saseless,.to, 
insist on refinements in one direction which will inevitably, 
beswamped | by -in,, another; It 
seems likely that the model, canjalways be-made,sufficiently: 
similar tojits,original, for; the practical. ‘purpose, in hand, 
which is to make the strength of, the model correspond,.to 
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the Strength of the originah::-And the effect:of departures 
frorn’ exact: simitarity: can: /be:tested ‘by-compariig models 
of slighthy ovaried “construction; without “resorting ‘to’ full 
scale’ experiments) ovitoofie oft ocls 
3. THE QUANTITIES, ON, ‘DEFORMATION DEPENDS, 
the ‘condition’ of of metrical simul yack milarity’t 
ufficiently’ ‘well’ fulfilled, we nave “ext to: ‘enquire. fiat 
qua tities than mere size’ are ‘involved ir in and in uence 
ot deform 101 by an expl losion, the sé 


tities ‘te presenting the’ of ‘equ 
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“Of the striic will or or Spend on 


‘its Glastié yidld'p ppin 


Toad, Vendion: & mpressi éssion, 
specify the im is'to state ‘Some on 16 and the ratids 
of the Shed this one, th ese 
We Shall ‘Suppdse ‘th the ‘téhisi strengt h,'S ig giv 
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temperatire and ‘so the \préssure attained; (3) the:sudden- 
ness) of the time requited i for) it,» which 
influences ‘notonly: the ‘heat loss:during the: the 
reaction, but also the effective resistance! or support» fur- 
nished by the water in the case of a submerged explosion, 
of bythe air! whet the explosion 'ig/ above’ water) + 
it ould be difficult to take account of all’ these quanti- 
ies in a ‘general manner, ‘but if we suppose that the: same 
exp osive i is uset throughout, s re) that the nature of ‘the gases 
ant th e hea t of reaction are “always the. same, it will, Re 
cient, to ply, tnerely th e total mass of an 
total time required for t explosion to be. compl 
ith a slow « explosive such. as ; smokeless powder, the form of 
th i,t tim curve of burning would be a matter. of 1 basa 
and, would, hi ive to. specified. ‘But it in. ‘practice we are 
only with. ‘detonating, explosives. such as gun 
.N,T. and for these it may. be assumed. that 
when n, the charg es and their. gontainers are. netrically 
to and the explosive is is > same, 
total mass, M ,,and_ the total time, are sufficient, 
Properties of the M edzum. most important 
zi ctio n the the medium i in ‘which the. explosion, occurs is, to 
support, ‘explosive i in making blow against the, 
i to, ‘confine the gas and keep its pressure up, 
inertia. ‘pesistance, to. being. suddenly. blown. away, is, 
sured by the density ‘of the. medium which i is therefore one 
of the quantities to be included i in our list, and i in the equa- 
tion corresponding to. (a). It will be denoted by .When 
the explosion takes place above, water, the inertia “of, the 
explosion products themselves is comparable with that of 
the surrounding air, but ‘this i is already. taken, care are of by 
specifying their mass, M.. 4901! 

The ‘speed, of propagation of. compression or sound waves 
in the medium may also be of some. importance, senpcally 
in ‘the case.of an underwater charge is not immed diate; 
ly in contact with the sid “It depends upon the intensity 
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of, the compression and the density and. bulk, modulus ef 
the medium., ; Hence, the bulk modulus;.¢, must be specified, 
(d) The Hydrostatic Pressure—lf the medium, isiair, as 
when. an. aerial bomb, explodes on.deck,, the, static pressure 
will in, all, ordinary, cases; be,the same, inside,and outside 
the, structure. attacked, that; it.will have no. effect onthe 
result .and,meed. not,.be,further. considered... But .in;.an 
underwater explosion the hydrostatic pressure, determined 
by, the depth, of immersion, the. density. of the;water;; and 
the intensity, of gravity,|is added to. the pressure, developed 
by the explosive;.and if it.is of. any, serious importance, g 
must, appear, in, our list quantities. We shall; however, 
disregard it,for the following reasons.) to wel 
the plating,of a, steel ship, were merely .a. water. tight 
envelope ; designed, only,..to . withstand .the,,.hydrostatic 
pressure of still water, it would be very, much thinner.than 
it,is,in practice; and, to, produce a destructive injury by)an 
external explosion ,would. require only; an, added. pressure 
of the Same order f magnitude . as the hydrostati¢, pressure 
already acting. But in reality, ships are built much more 
strongly . than this i in order to withstand the Apres, due to 
irregular or changing ‘dist tribution of weight, \ werk ing i ns 
seaway, etc. The pH strength might be ‘provid 
almost €ntirely by the internal construction with’ 
light skin plating; but in ‘practice, it is akin pao 
thickening the side, bottom, and deck plating, so Au 
convert ‘the ship into a ‘box girder. “The result i is ‘that | the 
strength of the ship’s side against 2 a blow from mune ora 
sudden application of pressure over a limited », 
vastly, greater than would be needed i ifr resistance to wae 
static pressure were the only thing to be considered in ‘the 
design; and to produce a destructive injury requires the 
application of ati external présstire many tinies greater than 
the, hydrostatic, pressures of! qu 
» Under these circumstances, the magnitude! of the hydro- 
static pressure must a matter,ef. very little importance, 
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and the value of g may be dismissed from further Consider: 
tion without the Of'the'conclusions 
vifPhe'foregoing only'to' surfacé 
vessels) | With’ submatines! tesistance to hydrostatic pres: 
stirelis aoptimaty’ cotisidération, atid the submarine is 
deeply her’ Miretigth available for with! 
stanidinig’ the effect Uf a depth! cHarge di mines is "very 
Jess than when near. the surface. HOw -thodel 
éxperimehits' tn the strengths of con! 
ducted; the intensity of privity’ has 't6 come ‘One of 
the’ essetitidl factots, just! ddes in! déducinyFroude’s 
law of Comparison ” for the fesistatide due to gravitational 
Stitfdes ‘following ‘deductions “are \therefore 
concertied ‘only ‘with 'sattate vessels and” not with deeply 
Submarines?’ Dinow tetew ite Jo, 
Quantities entimerated! May! how be tabiilated, ‘with 
their symbols and: ‘dimiensibis, as! 29 


Tiption of ihe quantity Symbol 

linear | imen 


ure 


terial, 


lass OF ths osive iarge SB 2 quite arkt lo 

Time for com ex 
the’ 


ot soubotq of bas ;agiesb 


Having made up the foregoing” list’of! quantities: aftér 
mature of the of the ‘case, we now 
assume that for geometrically similar 'strtictiites” and! ‘for 
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geometrically similar charges of the isame' sort of explosive, 
similarly placed and fired aticorresponding “points; the 
values of these quantities are sufficient to determine what 
sort of deformation shall bé produced. ‘by the éxplosion. 
All the rest of our work i is based on this assumption, and if 
ovdtlooked ‘any’ edsential atid Omitted 
important: false ‘con 
We have’ ‘initentionally’ ‘distegarded certain things 
which “we ‘now have'some example, 
been consi red i in detail. fy Ay in view of the inevitable 
the models‘and very modkraté "precision 
totbe expected inthe dxperimental 
we have! tuken: adeountpof everything that i6°at all likely 
to have any serious effect; so we adopt: the absifinption ‘and 
proceed to it 


y locate a ‘number ints a 
fc structure’ an e explosio ion, meas 
distance from the in initial “to the i sch 


lation. to, the 


L'/D=X’, --ete., 2 vit y both 
of the re and relative natyr 

or it prod Jur ur fundament 
{heretore, to saying thet. fpr each of 


which’ thé relative displacement the 


quantities. This is ‘the’ particular whi ion 


assumes in the fpresent probleni: g)i=% 
“Since S and e\are both it is convenient to suppose 
only. one of them. to, be..given. while. the..other'is 


représetited by ‘its ratié to the first; and a similar remark 
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applies the densities! ‘The: equation) may 


mo: bean wo to. erly HA 


where, F, is an, operator or, functional symbol, of unknown 
form, and the first \5,of its operands or arguments are,dimen- 
sional quantities; of . different, kinds, while, the;remainder, 
with X,, are;dimensionless; numerical ratios..\, idw 


3 !APBLICATION OP DIMENSIONAL ‘ReASONING. 


Principle. of dimensional homogeneity, in. the form 
of the J theorem*, enables, us to reduce any equation, stich 
as. (3),)containing) 5 dimensional. quantities which, require 
3, fundamental units, to, the,form) yor 

appear in the original and , the (5-3) or 


are any two inde dime nles rod 


of 


convenient 
‘Be Seen t 


from the other.:. Dimerisional. there- 


fore, that whatever be the form of F, in (3 
équation ‘ust be 1 to the 


»remains unknown, Dut the numbe: 
ed from §, 
: 's may be foun | 
p pair is ,=M/oD* and /,=T'S/D'¢. | 
‘dimensidnless upon referring to the 
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there! being: one equation, of this sort; foreach of the: X’'s 
which describe, the shape, of the (deformation \produced: by 
the explosion: bisowib 76 mow ni 
reasoning does not tell us; anything about 
the forms of the operators,,/, and,they remain undetermined. 
But the fact,that equation (3) can bereduced:to. the form 
(5) shows that the shape: of the: deformation. is not deter- 
mined; by, the -values/ of M, T independently, but 
by; of the, ‘two; combinations -M/Die and 
T*S/Dta;| together, with: iete., 
which -have|been left unaffected. In other words; the appli- 
cation, of the: principle of dimensional; homogeneity reduces 
the, number, of: independent, variables: which ‘each X 
depends, by; the numberof fundamental units; ne 


forms ys in. equations: (s},cam be 
determined only,-by, an; exhaustive, experimental investiga- 
tion foreach kind of structure, and,so.long as;they, remain 
unknown, it is evidently,.impossible:to compute. the effects 
on; the X's. of ,varying,.any,on all of the quantities, which 
appean)in the:.second member... But without-concerning 


ourselyes; at. all. with the precise forms.of.the operators; f, 


we are,sure,.from, the, mere. existence, .of ;equations: (5), 
that if all (the; operands, M/Die, etc.; held; constant, 
the X's, mustalso-be constant;,and the deformation ‘de- 
scribed by, the X’s, must.,remain,of the same. shape, and) of 
the, same) size in| relation to the structure;acted.on. This 
remark gives the key; to: the. problem, of making, the model 
explosion “dynamically similar’ to the full scale one so 
that’ observations on the fiddel' shall ‘permit of drawing 
correct conclusions regarding the original, substituting 
a,;small. model for the larger structyre,,,.we diminish the 
value of Din a known: ratio, and the problem is,then to 
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adjust /the values of) the other’ quantities ‘so’ that«<all'the 
argimerits:of the /ts:shall remain tnthatiged! 
In the first place, we may discard as impracticable the 
idea ‘of: ising arty other tedium: than water or ‘dnd 
treat the! density)a; and bulk modulus; ¢)as fixed) “In‘order 
to keep! the 7’s all) ‘constant;! we must) then 
keep the density; ;'the tensile strength, and all the other 
elastic! jand" strength’ thto 
the sathe for for’the original’?! Hence if the 
medium is left? unchanged)*the model mubt be build of 
material) which’ has! the same’ derisity,! tensile’ strength, 
shear modulus; ‘ete. the material of which itis proposed 
to Build the! full sized structure?!) “Phe obvious *ttethod of 
sdtisfymg this requiremerit; at least ‘approximateby/tis! to 
build the model of the same steel as the origitial/ and this 
approximation, will, paahably, always be. closs 
+) ae ‘conditions above. described, ensure the constancy. of 
a, S, P/e, S/e, and the r’s, and it remains only to make - 
M/D» and T/D constant.” The first of these 
will! be ¢atished automatically if the déseness ‘of paeking 
is 'the’sameé’ for the model as for the full Sided Charge! ‘For 
it has already been stipulated that! the explosive’ shall’ be 
the same iti ‘all’ cases, $0 that cotistant ‘closéntes“of- padkitig 
eritails donstancy ‘of the apparent or 
The mate is then proportional’ to the and‘ M/D*4s 
the same) for the small as for thé large cHatge, bécatise the 
dimensions of' the:chatge até proportional’ tt tert 
the! time must 
attetided' td; the ‘suddenniess' of éxpldsiott' Has 
a very. ipreat influence’on the effects 'prodéceds' this! coridit 
tion ‘teqiires ‘rather’ careful examination.» 
In REMARKS ON, THE FULFILLMENT, OF THE TIME CONDITION, 
auration of explosion isthe the for 
ttle detotation “wave. by’ ‘the’ ‘detonator |! at''the 
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distant point. and explode the whole:of,it.| But.on account 
of geometrical similarity. the firing; points are always)in-the 
same; relative, position and the linear, dimensions of: the 
charge are proportional to D; so that the distance the wave 
has; to; itravel ;the (charge is also proportional ;to 
Hence D/T is, proportional to ithe avetage speed, of propa- 
gation! of the wave through the ,charge:over, the longest 
distance; it has,to. go; and|'T/D will be: the: same; forthe 
model. as) for, the larger. charge: if. the: mean speediof the 
detonation; wave isthe same in, Similar location: of 
the detonators is| obviously very important, but it needs 
no special comment. The speed of, the; — wave, 
It appears that the detonation wave i ina ‘highetplasive 
may, be|regarded as;merely -a special: type, of|elastic:com- 
pression; wave. The, wave! starts: the..chemical reaction at 
each point in the explosive as it:sweeps) past, and.so leaves 
behind.it.a- changed material and)a; new state) of affairs; 
but the conditions,,at: thes wave front,.and the::mode: of 
propagation into the undisturbed):material, ahead iseem 
to be: very much the'same as they iwould be if,a compression 
wave. of ‘the! same. intensity were being propagated through 
an inactive: material like air, water, or 
In such.a material, compression, or-sound: waves! of: low 
intensity are propagated at the speed v= VE /d /d, where’ E 
is the adiabatic. bulk modulus and d is,the\ density; and 
variations of.intensity have no. appreciable influence on 
the speed. | But waves. of great intensity move, faster, and 
as the violence of, the, disturbance 4 4s increased, the sharp- 
ness of the wave front and its speed, of advanee, alsa increase. 
The most, familiar, example ofthis is afforded by the 
head waves, which agcompany high, speed. projectiles.* If 
the nose of t e proje ctile is perfectly pha 
what'rounde ded 6r' or ‘the’: ortipression Nave ke 8 dtiead 
"See, for the photograph of bullets by W. A. Hyde which are in U.S. 
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of matter how’ fast the ‘projectile is moving.) ‘If the 
speed of flight is raised, ‘the’ wave from all sides 
hugs ‘the ‘point more’ closely'so as'to ‘concentrate its energy 
over’ a smnaller area’ and raise the intensity of the compres- 
sion just: enough to keep the speed of the wave ‘in front 
of ‘the ‘point: up to: the’ speed ‘of the’ projectile: ‘But asthe 
wave'trails off and spreads ‘over’ a' larger: area so that its 
eniergy! per unit area is difiinished; its: speed: soon’ falls to 
the ordinary value for’ sound: waves‘in ‘air and’ thereafter 
- remains constatit; the ‘wave front being a’ cone: of semi- 
vertical angle 0=sin7(0/V); where vis the speedof sound 
and V thatof the projectile: [piseqeen 
This relation of 
A. H. Comey’s experiments* on waves'set ‘up in-air ‘by the 
detonation of 'dynamite.>’Near the source, before the wave 
had‘had:time to'spread and ‘fall-off in*ihtensity, ‘speeds of 
over 5000 m/s “were observed; or times the ordinary 
speed’ ‘of souind. “Sound waves from electric’ sparks** act 
in the same way,:and so do: waves ‘ap 
following’ table gives’ 
speed of sound wavesof low intensity in severalosubstances 
of various densities and compressibilities)> ‘The values are 
for! temperatures and ‘are given in ‘metets''per 
its Substance: Speed eu Speed's alt 

‘these, values, the speeds in 0 ex 


would ptobably ‘ie » between 1c 1000 and 2000 m /s,.an and the 
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speeds observed:for detonation! waves along straight: trains, 


whieh; run} up to, about,6600; m/s! in gun:cotitom iand:'7oo0 | 


m/sin. T.N.T., aré: evidently: no than: might: ‘be 
attained (in) neutral substances: of: the ;same’ density and 
elasticity, by: increasing: the intensity. of disturbance. 
‘In. an ordinary substance; howévet intense: the! initial 
disturbance: may be, its energy Hence as the 


wave spreads, its intensity and speed diminish;,and very 


high: speeds: cam occur only near the source. But) in an 
explosive, the high pressure) gas ‘set free: furnishes a con: 


tinual supply of new energy at the wave front,-so; that:as 


the: detonation: wave proceeds it' does not» die: down but 


retains a|constant intensity and: a: constant: high speed 


which is: characteristic of. con- 
fined: in; the given manner, 


olf thisrelation obtained the start; 


ment that T/D:should be independent of the:size of the 
charge would be satisfied automatically. But if the:initial 
speed is different and the characteristic constant speed does 


not establish itself until the wave ‘has gone:anappreciable 


distance, the: condition will, not ‘be fulfilled: for: very small 
charges though it will; approximately, for latge omes: 
In straight trains! of explosive; experiments ‘show* that 
the speed, over’ the first: few inches fromthe detonator may 


be either; higher or lower than:the characteristic constant 


speed from there onward,';A- very strong detonator) pro+ 
duces an initial disturbance-which is more intense than ¢an 
be maintained. by ‘the explosive itself, ;;'The: initial spéed is 


then very high; but:as the wave:spreads, its intensity falls 
to the value that:can be kept by. the!reaction in the 


explosive, and the speed of propagation sinks! tothe :cor+ 
With; ai detonator’; which, is barely 
strong enough: to initiate the réaction; the initial disturb- 
ance is weak and. the But:the:teaction 
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and: the: speed’ is low ‘at. the ‘start 
_ within afew inches; to: the standard value! Detonators of 
suitable ‘intermediate: strength ‘start: the: detonation 'wave 
at just theintensity it can maintain, and the speed of: Prop. 
agation’ is then’ uniform, even from: the beginning, 
While:'the published determinations of: the of 
detonation ‘waves refer: to» propagation along ‘extended 
trains of uniform’section, there is'no' reason 'to’suppose that 
propagation in: three dimensions would. differ: essentially 
from ‘propagation in one, ‘though the ‘characteristic: ¢on- 
stant speed ‘might not: be quite the same. | main 
difference to be expected is that the high initial: speed due 
to ai very strong detonator will fall to’ the normal ‘constant 
value more rapidly’ and «within shorter distance,’ this 
distance being only a few inches, ‘even in straight’'trains: 
Since it ‘may’ be: assumed that ‘mines, ‘torpedoes,’ etc., 
will in practice be provided! with strong rather than weak 
detonators, we conclude that in large’ chargesthe initial 
variations: of the speed ‘of the detonation wave ‘will be of 
small importance, and: that’T/D will: be nearly ‘constant 
and:independent of size, if ‘care is taken to have the deto- 
nators ‘similarly! placed.’ For‘small: charges, ‘such! as would 
be used with! a>1/10 ‘scale model, a‘detonator’ of medium 
strength: must: be ‘employed so as ito ‘keep’ the speed) ‘con- 
stant\from) the! start: required strength! might be 
found from experiments on straight boogs 
Itowill not’ generally’ bei possible ‘to ‘reduce ‘the: sizeof 
the detonator as! muchas that ofthe ‘charge, ‘so: that the 
geometrical ‘siniilaritycan not be’ perfect. : ‘However, the 
. détonator' may: be reduced in size by ‘the most vidlent 
filler availablési2z to beoge oft bis jovieolqzs 
In concluiiing’ this’ section it ‘thatthe 
time ‘condition is particularly important: when the explosion 
takes place in'ait, and that im any’ model’ experiments which 
may /be undertaken for’ studying’ the»¢ffects of derial 


bombs, the fulfillment. of the time condition should be very 
attended to. 
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Since is more important mass, the 
point. in selectin 


of, the same, steel as. full structure, ‘have a 
‘greater, ‘tensile strength than. the 
plates “which ‘haven ot been rolled. so much, their thickne 
should be’ reduced, in Spite. of. the feet 
that ‘this impairs the geom similarity. “But si since a 
change thickness affec the “bending ‘strength very, 
rapidly, it would be, better to. ‘adopt. a 
weaker ‘material or peltamy to ‘soften ‘the plates by. annea 
ing.. “Such a “change May, alter. the. relative values of athe 
other elastic and strength constants ai ‘so hange, the 7’ 
But so. long as any ordinary : steel i is used, these, changes : are 
not likely to be of much't ‘importance an d the tensile s trength 
for sudden loading will probably , be a_suffic cient, Criterjon 
for selecting the steel ‘for the mod dels, 

most’ ‘difficulty is. with ‘the 
itis’ hardty” le to. reproduce rivetin Pe on. greatly 

heaper 


reduce scale; even ‘if it were, a, ‘simpl er, an 


pres Would be dele But here agin 


is not he ‘prec astenings but their 

Strength ‘i in elation of. 

expen ments on testing. show ,that a sma 
oint fis he re yields i in 


waded 


about the ‘same way as a large rivete b 
for other without re fact that 
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| "Lhe conditions ta 
explosions may- now b | 
; (A) ‘The model structure 1s to. be, as nearly as practica- ; 
strength. reduced in the proper ratio, rather than to have all 
their dimensions reduced in exactly the same ratio as D, 
t 
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however, ‘that: the tests should be :made with’ sudden 
loading. 
model charge and its ‘envelope are have the 
same external ‘form as the large « ones, the. scale ratio being 
the same as for the ship structures. The charges are to be 
similarly placed; the detonators are to be’ similarly sit- 
uated in them; and the ‘detonators are themselves to! be 
similar, as nearly as may be. _ 

(C) The explosive i is to be the. same ‘ani its gravimetric 
density the same in the model as in the full sized. igen 


dimensions. 

The detonator used for the ‘model 
must be of such strength as to make the speed of the deto- 
nation wave constant from the start. The proper strength 
may very probably be inferred from the results of experi- 
ments on extended trains of the given explosive, but this 
point is important | and should not be slighted. For | if the 
time condition is not satisfied, while model experiments 
may give reliable data on the relative strengths of different 
types of construction, it will not be safe to draw conclusions 
from them regarding the absolute amount of damage 
which the full sized structures would suffer, and full scale 
check experiments will be necessary. . 

‘Upon looking over all these requirements, it is "eaent 
that they can not be satisfied very accurately. But. it 
seems highly probable that the errors and uncertainties 

due to this lack’ of exactness will be no greater than the 
variations of strength between ships built’ to tHe same 
drawings and specifications or, especially, than the differ- 
ences, ‘under service conditions, between the effects of- 
different mines, bombs, etc., of the same lot. Model 
experiments Of the sort outlined will certainly give reliable 
data on’ relative strength; and if the conditions are care- 
fully attended to, they. will give even if paly 
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POSSIBLE) SIMPLIFICATIONS INTHE CONDITIONS!) 


In the foregoing discussion all’ a quantities that seem 
at, all likely to be of: importance’ ve been considered, in 
order to be on the safe side’ But/it may be that we have 
been over cautious and that some of the quantities are 
really of so little importance that they might as well have 
been. ignored and omitted from, equations (2) and (3). 
Any. such omission would eliminate one of the arguments 
of f in equation ( 5) and so reduce by unity the number of 
conditions to. be satisfied during the model experiments, 
It may therefore. turn out in practice that some of the 
conditions which appear necessary are in fact superfluous, 
so that, they, may be disregarded. aRheNe, vitiating the 
results, 
illustrate, a we return, “equation 
5. Or... it 9 


It seems quite probable that such ‘density as 
occur within the range of the ordinary available structural 
materials will have no appreciable effect on the’ behavior of 
the structure with regard’ to an external explosion. And 
if this is'so, as‘long as we confine ‘owrselves'to such: materials, 
p tieed not ‘be ‘ittcluded ‘in’ the’ list of “quantities, and 
will disappear from equation (5).\It also-seéims possible 
that compression of the’ medium plays only asmall:part 
in determinitig the result of the explosion; especially: when 
the charge is in direct contact with'the ship. In this ‘event, 
equation (2)!‘would' have been ‘sensibly’ complete without 
the inclusion of the bulk modulus, ¢, and if the argument 
S/e is omitted from equation () the conclusions drawn 
will still be nearly. no Isham nal 
o If; or:when, ‘the are: substan- 
‘correct; and if kept: constant by using, 
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medium! for the ‘thiodél as for’ the’ full’ scale’ experiments, 
equation (5) reduces al 
ni .bowebieno \i ot a 
the more genefal treatment of the problem! the pres- 
ence of //¢ and S/e'in equation (5) made it nécessary to 
keep the density’ arid’ elastic properties of the’ structural 
material constant if the médiim was to remain unchanged: 
but ‘these restrictions: are ‘how ‘absent. We’ have’ still. to 
keep M/D* constant, but’ instead of ‘keeping the’ tensile 
strength and the speed of the détoniation wave separately 
constant, we now have only to keep T*S/D#'constant, i-'e., 
to make D/T ‘proportional’ to If, “therefore, it is 
ossible to control the speed of the detonation wave, as 
Er example by some change ih the mode’ of packing or the 
state of subdivision which does not alter the gravimetric 
density, it may be permissible to use a Hifferent material 
such as brass: 
Whether such simplifications as.these. are, legitimate in 
practice can not be:decided:a priori but only by.experiment. 
The: point ‘has been discussed for, the; sake: of; illustrating 
how it sométimes happens. that model,;experiments. give 
correct results, even though some of the, conditions; which 
appear to. be: necessary : for dynamicah, similarity, are, not 
fulfilled. - When. ‘we |make such; simplifications without 
testing: their legitimacy by experiment, we run the risk 
of; neglécting something that is more, important,than it 
“appears 'to be, and we:must be prepared to, find. that, our 
conclusions are not asiaccurate as had hoped. 


ALISA 

In model experiments on submarines, ‘hydrostatic: pres- 
stiré is an‘essential element ‘of the problem, and must ibe 
taken into: account.’ This may be: done leither by putting 
g into equation (2) which will give the additional argument 
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oDg/S in equation (5), or by putting the hydrostatic 


| pressure, p, into (2) and p/S into (5), which then takes the 


If’ we stick'to water and steel, we shall ‘then have approx- 
imate dynamical similarity if the experiments’ are carried: 
out not at depths te D but: or 
omy Pressures. betisl odd tas: rot 
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ENDURANCE TEST OF FORCE FEED OILS,» 
( By J..G, O'Nert1, Assocta 


= 


_ Tf,one urfderstands the..general; principles, of. lubrication 
and.has available accurate data) of the service obtained: 
from: lubricating: oils known, ‘properties, ; it is possible. 
for him to forecast the kind of service that, will-be obtained. 
from other oils of varying physical and chemical properties, 
provided their ‘properties are’ knowh and they are used 
under known conditions. 

The engineering personnel of the Navy a are familiar with 
the general principles of lubrication and the properties of 
the various lubricating oils used in the Naval Service. 
The results obtained from an endurance test of oils as 
given herein supplies information of the service obtained 
from light force feed lubricating oils when used in a force 
feed lubrication system. Information is also supplied as 
to the character of the changes which take place in these 
oils under severe service conditions. ; 

In view of the fact that at various times statements have 
been made of the superior or inferior lubricating properties | 
of animal oils or mineral oils made from different crudes, 
this article contains information as to the service gestae 
from the following oils: 

Oil .A—An asphaltic (napthene) base oil, well refined 
and classed as a light force feed and motor cylinder oil. _ 

Oil P—A paraffin base oil, well refined and classed as a 
light force feed and motor cylinder oil. 

Sperm Oil—Sperm oil obtained from the great cavity in 
the head of the sperm whale. Limpid, pale yellow oil. 
It is a non-drying fatty oil of low viscosity, and its viscosity . 
is little affected by increase in temperature. It is highly 
valued as a lubricant and its cost is approximately five 
times that of either of the above mineral oils. 
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apr was an oil Friction esting | machine, 

ns 1, designed and built at the Engineering Experiment S Sta- 
on. A test journal. of, steel, 3 inches in diameter and 6 
3 hose long, revolved i in a Lae bearing | and was ‘direct 
driven by a 3 horsepower variable speed motor, calibrated 
for foot-pounds lost work at different speeds. Force feed 
lubrication was used and the febreatine oil, was ‘circulated 


springs, ‘each with a 
As shown in Fig. 1 and Fig. 2, MO, ne ree motor was 
connected to the test journal by a flexible ‘coupling, YZ. 
Gauges showed the oil film pressure and oil circulating 
pressure. A counter, CO, gave a record. of the revolutions 
made. The four springs, L, served to. apply pressure to 
the’ test journal’ as the nuts, ‘were tightened. _Ther- 

“mometers | Rave ‘the respective temperatures: of. the bearing 
and ‘the circulating oil,” PU, the oil circulating 1 pump was 
aM. horsepower variable speed otor. was 
brushes, which,, if Mecessary, could be ‘used | to 


rest servoir to to the amotint of oil co! 


METHOD OF TEST. 


of the runs, speed. of, two thousand revolutions 
per minute of; the test, journal was maintained and, the 
circulating oil, to.,the, test, journal was maintained at. 15 
pounds, pressure, per. square Anch, gauge... ey} 
he bearing pressures, during the. test.of each oil, were 
varied from ; per square. inch to aso, pounds; per 
inch by increments of 39, pounds, per, square, inch. 
of 30 was made at each bearing 


means of a motor driven rotary pump. Pressure was uni- 
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making a total run-on each ‘oil of 150 hours. The total 
run_ of 150. hours at the different bearing pressures was 
made on an oil before changing toa different oil. 

Samples of each oil were taken before and after being 
used i in the friction machine and during | the runs the fol- 
lowing data were taken: | 

of journal, revolutions per ‘minute. 

“Room temperature, degrees Fahr. 

Oil temperature, degrees ‘Pahr, 

Bearing temperature, degrees Fahr. 

_ Bearing pressure, pounds per square inch. 

Oil circulating pressure, pounds per square inh, 

Oil film pressure, sion per square inch. 

Armature current. 
“Armature position. 

From time to time sufficient oil ‘was added to up 
for leakage losses. ‘In conducting this test no use was made 
’ ‘of the heating coil enclosed i in, ‘the test journal, since the 

oils used were of low viscosity and flowed freely through 
the bearing. It was considered ; as more desirable for the 
purpose of this test, neither to heat or cool the circulating 
oil, but to allow it to attain any temperature which it 
‘would during the test, ‘since the heat generated by the oil 
in the bearing was a measure of the suitability of the ‘oil. 


a 


RESULTS OF TEST. 


The serving Obtained from ‘the ‘three ois is in 
Figures 3, 4 and 5. The coefficient of friction, that is, the 
ratio between the total friction and the total toad of ‘the 
bearing, was comptited from an ‘alignment chart made 
especially for the friction machine, Figure6. 

physical and chemical changes’ which’ took place in 
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TABLE ‘PRYSICAL AND CHEMICAL OF 


‘Used 


New 


‘Specific gravity at 15.6°C. 


0.904) 0.883) 0 


24.87 


28.55. 


Pale 
yellow 


0.84 


0.84 


3.12 


“gasoline, per cent.....: 


Matter insoluble in alco- 
_hol-ether (4), per cent. 


None 


0. 


Sol ble in sulphuric acid 
per 


Name of Oil Specm: 
New | Used | New | | 
‘ 
Gravity Baumé .........] 21.§2 | 20.86 | 25.73 28.01 
Flash point, open cup, deg | 
Pour point, deg. Fahr. 
Saybolt viscosity at 
deg. Fahr.......] 212 | 262 124 
130 deg. Fahr.......] 103 113 
of oil. Pale Pale Light 
filtered) Red | filtered] Red brown 
Organic acidity as acid ; 
number..............] 0.07 1.40 
Saponification number. ..} 1.62 
Matter insoluble in 88 deg ‘ 
None | 0.065} None. 
|None | None None 0.018 
L 7.0 10.0 | 7.0 | 12.0 
steam...........}. None | None | None | None | Present) Present 
Caer 0.04 | 0.25} 0.08 | 0.43] 0.19 | 0.41 
Nature of carbon residue..| Loose | Loose Loose | Loose | Loose Loose 
Ash, per cent...........) None |None | 0.005] 0.004] 0.006 
Nature of Animal| Animal 
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ENDURANCE TEST OF a FEED OILS. | 


The test of the oils was 
a severe practical test for the following reasons: | 

(a) “The total ach oil was | about 

(b) ‘The oil was .not eapled 

(c). The bearing Pressures for the latte? half Fi the test 
weré higher than is-generally found in lubtication 
using light force feed oils. : 

(d) -The speed of the journal was 2,000 ectrtate feat per 
minute,-which: is considered as being a fairly high speed. 
The:high speed of the journal increased the friction ard the 
consequent heating of the bearing. 

It-is interesting to note that all three oils, alttiough 
they were of low viscosity; maintained satisfactory lubri- 
cating: films: at high high speed a and heavy 
bearing pressures, ~ 

In general the oil before entering 
the bearing was about 40 degrees, Fahrenheit, lower-than 
the ‘temperature of the bearing, » “The oil film pressure 
per Square inch, gauge, “showed - slightly higher thab the 
bearing: pressuré per square inch. 

Figures 3 and 5 show that the: coefficient of friction at 
different bearitig. pressures for Oil A and Oil P vary directly 
as the viscosities of these“oils. “The coefficients of friction 
at different. bearing. ‘presstires for Sperm oil (animal oil) 
do not vary in the same manner as those: ‘of the mineral 
_ oils;at the low bearing pressures the coefficients of friction 
are higher and at the high bearing presouretire lower than 
those of the mineral:oils. 

Figures 3 and 4 show that the rise in eS | of the 
bearing above room temperature at different: ‘bearing pres- 
sures for Oil A and ‘Oil P vary directly as’ the viscosities 
of thesé oils. Sperm oil, which has a lowe? viscosity at 
low temperatures than either Oil A or Oil P, gave a greater 
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shown in: Table: I, all oils darkened during use'‘and 
increased considerably in: viscosity and gravity>!: Due to 


the fact: that asphaltic base lubricating a lower 


flash: point and):a: higher’ evaporation” loss | than” either 
paraffin’ base ior!animal lubricating oils, used) Oil: A; showed 


the greatest increase in’ viscosity. ‘The: marked: increase 


in viscosity: ofall of the used oils.of this test, showed that 


the ‘conditions. of test were very severe: Such a:marked 


change in the viscosity of force feed oils during use seldom 
‘takes place in less'than ‘1,000: hours of ordinary service. 

increases in organic acidity, oxidized ‘matter,’ 
‘saturated’ compounds and ‘carbon residues of all oils were in 


‘accordance with the severity of the test, but these changes 
did not show‘extensive breaking down of any of the oils. 


Straight mineral oils during: use increase in saponifiable 
resins by oxidation and the saponification numbers of used 
mineral oils are a measure of their oxidation. The two 
used mineral oils showed that they had been considerably 
oxidized during the test. The saponification number of 
used Sperm oil evidently does not measure the oxidation 
of the Sperm oil, because its saponification: number was 
lowered by use. 

Table II shows that lubricating oils are not changed 
materially in their non-emulsifyingyor emulsifying proper- 
ties by being subjected to severe service tests. From this 
table it is apparent that Sperm oil on account of its emulsi- 
fying properties would be highly unsatisfactory for use in a 
force feed lubrication system. 


CONCLUSION. 


From the results of this test it is concluded that mineral 
lubricating oils, derived from asphaltic base crude or 
paraffin base crude and of, the same viscosity at operating 
temperatures, will give the same service in a force feed 
lubrication system. ° 
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Since the: temperature of the oil! in’ aforce feed lubrica- 
tion system generally does not exceed 130 degrees, Fahren- 
heit, it is concluded that Sperm oil gives inferior service 
‘with respect to coefficient of friction and) heat generated, 
as compared to the light force feed mineral-lubricating oils. 

The most important change which takes place: in low 
viscosity lubricating oils, when used in a force feed lubrica- 
tion system severe service conditions, 1 1s increase 
in viscosity... 

In a well designed. with Iubricating oil 
-by means of force feed, light force feed-mineral:lubricating 
oils will maintain a satisfactory lubricating film at a bearing 
pressure of 150 pounds per square inch, a bearing tempera- 
ture of 214 degrees, Fahrenheit, a 
of 2,000 feet: per minute. 
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FOUR YEARS. BALANCING PRACTICE. 
Ww. Aximorr, Associate, 


One of ‘the writer's s associates in hl received, a few - 
weeks ago,.a letter from one of the, head engineers of a 
large and very well known turbine. building concern, which 
letter, contains the following paragraph: 

‘‘With reference to the dynamic balance, I am, satiated, 
after consideration. of the. method of construction: and 
manufacture of turbine rotors, and from actual experience 
in running:a large ‘number of.rotors at. the highest revolu- 
tions; that if the.static balancing has been carefully. carried 
out, the residual dynamic errors of. balance are negligible. 
My view is that in practice very small errors of balance are 
distributed, throughout the length of the.rotor, so that if 
the statically found balance weight is. divided between, the 
two ends of the rotor, the remaining dynamic error.is so 
small’ as. to.give an inappreciable reaction at the bearings, 

and this view has been amply justified in practice..”’ 3 

This of, course implies that the conception. of ‘dynamic 
is,.really. something psychological and not. real. 
The writer is, quite sure that.the engineer in question. did 
not really, mean anything of the sort (how could he?), but, 
nevertheless, he.wrote this over his signature; he probably 
did not know, that very often, in a rotor. perfectly balanced 
statically, dynamic unbalance calls. for corrections, the 
of, tens of pounds. 

The average engineer in shia, to. wader. 
stand, more or. less, the difference between. static, and 
dynamic balance, and it is about time. that he should do 
SO; the subject itself being exceedingly old and well worked 
out, in detail, at least as regards the principle. For instance 
in Rankine’ s Millwork (London, 1869), the. principles of 
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both statie and dynamic balance are set forth in the clearest 
and most elementary manner. Rankine, of course, does 
not stiggest) any ‘particular type of |apparatus/on| which to 
obtain such balance, but his exposition can naturally lead 
to an unlimited number of devices with which to detect the 
presence of an unbalanced force or of an ge oi 

‘However, let us review, the sake ote clears, thes 

Static Unbalance means the of' of a 
certain’ rotor of weight, W, is off the axis of ‘rotation by a 
‘small ‘amount; R, the measure of said’ static unbalance 
being wR in any units, say in "foot pounds,” or “inch- 
ounces.” Or, to put matters in’a slightly aiftenecit way, 
static unbalance means that a certain rotor of weight W-w 
is in perfect’ balance, and, associated with it, there likewise 


exists a certain small weight, w, located at a certain dis- 


‘tance, 7, away from the center; the measure of unbalance 
being = wr. Of coutse WR’ = wr, but the latter notation 
possesses certain advantages over the former, involving 
small weights at easily measurable distances and ‘dis- 
regarding the mass, itself, of the rotating body. ‘Indeed, 
it means more to the average practical man to’ be told that 
the static unbalance’ of a certain rotor is’ 160 inch-ounces, 
than to be given the same information in’ ‘this form: “the 
center of gravity of a ‘certain rotor, weighing’ 16) 008 Ibs. 
is ‘inch away from the ‘axis of rotation)” 
“By Dynamic Unbalance is meant the condition’ that the 
ashintipet axis ‘does ‘not coincide with the’ axis of rotation; 
in other words that there exists a certaifi “centrifugal 
couple;” in still simpler language this means that, although 
the body isin’ static balance, there are two heavy points 
in it, located in ‘the’ same’ axial plane, but certain Gis- 
from’ each other, axially, and subject’ to the ‘¢ondition 
that each weight-tites-radius is there 
would’ be’ rio static balancé.’ 
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Any rotor, taken at random, is generally unbalanced 
both statically and dynamically. A body may be in perfect 
static balance but unbalanced dynamically; but to say that 
a body is in perfect dynamic balance, although out of 
balance, statically, does not really mean anything at all. 

To represent matters graphically we might suggest the 
sketch Fig. 1, as illustrating the effect of static unbalance; 
the rotor is here shown simply as a bar, B, and its unbalance 
is represented by the small off-center weight, w.- The effect 
is that instead of rotating quietly about the axis, A, of 
rotation, the body. tends to rotate’ along the cylindrical 
surface; C, under the influence of the centrifugal force, 
developed by w. 

The effect of dynamic cabal is shown in is. a. 
Under the actions of the two off-center weights wand We, 
the body (indicated simply as a:rod B) tends 
conical surface about the axis,.A,.of rotations. 9% 

Of course the bearings exert a certain reaction in both 
cases, for which reason both the cylinder of Fig. 1 and the 
double cone of Fig. 2 are of almost vanishing proportions, 
but these very reactions cause the vibration proper; our 
problem) in balancing a rotor, is precisely to eliminate these. 

The conception itself, of a balancing machine, is possibly 
thirty or forty years old; however, this is really a misnomer, 
becatse no balancing machine i is meant to balance anything, 


weights or drilled holes, etc., which put the rotor in balance. 
From this it is easy €nough to see that a great multitude 
of types of. apparatus for indicating unbalance can be 
readily suggested; in fact an examination of=the, patent 
records of old trade journals reveals a very considerable 
wealth of information on this subject; although most of 
this apparatus appears to Have been proposed by ‘purely 
“practical men,” having no conception whatsoever of the 
physics, or rather of the dynamics, of the problem. 
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The present writer claims credit only for the rigid 
principle he adopted as the very foundation of his work: 
physics furst, construction last, whereas the majority. of 
designers worked on the other basis, construction first and 
last and hang the physics, whence the failures and the 
tremendous sums of money lost in ‘‘experimenting”!in the 
attempt to “our balancing as 
good asiany: 

As a whole the writer is satished: siti the attitude of the 
majority of engineers and especially of the Navy; however; 
the three main obstacles in the art 
are the following: 

(a) The price of the apbadatis which the engin 
neer invariably finds to be ‘‘much too high,’ even though 
he may never have seen the machine: and knows nothing 
of its construction or performance. 

(b) The usual tendency to purchase a small giachine: and 
to use it for balancing much heavier articles than: the 
maximum agreed on in the contract; this results in the 
failure of the apparatus, ofcourse, and in the usual: — 
eye” to the whole art, on general principles.) 

(c) The attempt to balance articles which positively are 
not fit to be:placed' on a balancing machine, 'Take for 
instance the crankshaft of a Liberty engine as shown in 
Fig. 3. It’ was designed, or rather drawn up, for indeed it 

was never really designed, without the counterweights. 
_ The weights shown in the figure, fastened by screws, were 
added in the writer’s laboratory in) a temporary’ manner 
and the weakness of the shaft is such that no balance:could 
here: be of any ‘help: the terrific whipping: would instantly 
article of: this ‘sort.’ 

‘Hence the for ‘the ‘of: a High 
speed ‘part: the design must be such that the: article cdn 
be balanced, unless you want the well known results, such 
as the — to or instruments 
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dropping’ off the board; sometimes the failure of the fuel 
tank due to terrific: vibrations; etc. Another* incorrect 
notion:is that of the speeds at: which to balance: either the 
article is properly: designed, so it does:not whip, in which 
case it can be balanced at any speed, the lower the better: 
or, if the article is not well designed and is. expected: to 
' deflect at: higher speeds, the result of balancing, even if 
the machine is adapted for thjs, is to show the imperfection 
of design and the necessity of counterweights or general 
re-inforcing: but this can be’ seen from the drawing, and 
such an indication is not the object of a: balancing machine. 
For this reason any stipulation in the specifications, such 
as balancing at ‘‘over-speeds” of 20 percent or so, is 
absolutely wrong; what is’ desired is the absence of per- 
ceptible vibration at all speeds, from:zero up to wie “segated 
20 percent above the maximum operative speed: 

' Fig. 4 illustrates balancing of a large reduction gear, 
clearly seen in the background; in this connection it should 
be borne = in mind that such gears are often noisy and 
balancing: does not: necessarily take out such noise, which 
might from of the teeth or 
execution: 

of hollow shafts is din 5. The 
unbalance may be very considerable and usually results 
from bine « the ential with 

Pig. 6 shows a bole balanced i in: 
allemactaihy works of the General Electric Co. The 
writer’s object in: showing this rotor is to point out the 
fact: that a rotor of this construction, balanced cold: and at 
a slow speed, will preserve its balance under steam and 
at its full speed, contrary to the assertion of many engineers. 

The following definite facts haven established. 
the past four years: 

oa. Itis justas easy to balance.a rotor’ asa light 

The windings of electrical apparatus do: shift; it is 
auten to balance any rotor where this is expected. 
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3. Slow speed balancing is conclusive, if the equipment 
is well made and properly used. 

4. The best check of any balancing machine or equipment 
is to reverse the’ rotor end for end’ and observe whether 
balance previously qbtsined remains halonces. as of course 
should be the case.” 

5. To use the dial | gauge for shidisting El under 
high speeds is faulty practice. 

6. True balance means perfect running at all; Speeds, 
unless the body is badly designed. . 

Balancing is now being done only from the’ étanlipdint 
of ‘cortifort and safety, but not necessarily from that of 
economy; the writer is now engaged in investigation rela- 
tive to the loss of power due to vibrations; this work is 
exceedingly difficult and tedious, but the greatest research 
men in the country are associated with him in this work, 
the results of which will be made public probably this time 
next year.’ It’is to'say; however, that from all indica: 
tions it appears that the findings will clearly demonstrate 
the very’ considerable’ loss of energy, whieh 
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BOILER FURNACE INSULATION, 


By Compr. W. STERLING, U. Navy, 
_ MEMBER. 


Boiler insulation may be divided into two classes, that 
suitable for lagging shells and pressure parts and: that 
suitable for furnace walls and other internal locations sub- 
ject. to high temperatures... 

The introduction of oil fuel has oh only emphasized the 
importance of very high refractory qualities for fire brick, 
but has also resulted in the demand for an insulating backing 
of material of high insulating value. that will. not disinte- 
grate, under the high temperatures in Oil fuel 
barring: 

found extensive use as. furnace brick backing, 
viz: asbestos products, magnesia products and crushed 
brick. 

The increased furnace temperatures resulting from oil 
burning developed frequent failures in these insulating 
materials. These in turn lead to tests by the Navy and by 
such well known companies as the Babcock & Wilcox Co. 
to determine a suitable material. 

While magnesia and asbestos products have been 
developed to a high degree of efficiency for lagging pressure 
parts, steam pipes and other moderate temperature work, 
these products do not appear suitable for furnace and other 
very high temperature insulation: 

Mr. Ernest H. Peabody states in The Marine Engineers’ 
Handbook that, ‘‘The Babcock & Wilcox Company 
recently conducted elaborate experiments which showed 


‘ 
iis 
me 
. 
3 i 
{ 
i 
¥ 
a 


BOILER FURNACE INSULATION. 269 


that 85 per cent magnesia covering, while entirely satis- 
factory for lagging steam drums, pipes, et¢., is quite un- 
suitable as a material for insulating furnace walls, but that 
on the contrary, non-conducting materials in which 
diatomaceous earth is used as a basis, are satisfactory both 
as to lightness and non-heat-conducting qualities, as well 
as ability to withstand the necessary temperattres.”’ 

“Tn one series of the above tests on 85 per cent magnesia 
it was found that the insulating value rapidly decreased 
at about 600 degrees F. and that disintegration com- 
menced at about 1,100 degrees F., 

A successful furnace instillation must have high insulating 
value, practically no shrinkage, must not disintegrate, all 
these at ' temperatures up to 2, ooo degrees F. All else 
being equal, the lightest product is the most desirable. 
Diatomaceous block insulations of specific gravities ranging 
from 0.35 to 1.14 are offered’ by various manufacturers. 

The following | commercial insulations are offered’ for 
high temperature insulation. 

Nonpareil}’Armstrong Cork & Co.; Fire Back- 
ing, National Magnesia Co.; Zenithern High Tetnperatute 
Block, The Zenithern Co. ; J-M High Temperature Block, 
H. W. Johns-Manville Co.; Insulbrix, Quigley Furnace 
Specialty Co.; Celite Blocks, Sil-O-Cel’ Brick and Sil-O-Cel 
C-3, Celite Co. 

‘Diatomaceous earth as mined has a stratified structure. . 
Calcined blocks of this material would be suitable for use 
with but one objection. At high temperatures’ these 
blocks will fail due’ to the fact that fissures occur along the 
lines of stratification. For this reason it is usual to crush 
and calcine the earth and! use it in lump form or mold it 
into blocks ‘using some binder in the manufacture. i 

“One such product employs an organic material and clay 
as a binder on the theory that during’ the calcining ‘process 
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Asbestos, ,used'in very.small quantities, as a binder, 
promises moderate success... The writer has been told of 
tests with blocks manufactured by this process that showed 
a shrinkage of five per cent, 

Shrinkage and weight eek be. kept + a minimum. 
Only approximate weights may be assigned to the various. 
commercial blocks, as, obviously, this will depend to a 
certain extent, upon the manufacture. Shrinkage depends 
upon the degree of calcining during manufacture and BpOm 
the binder used in 


METHODS OF, TESTING. INSULATION. 


comparative test. Sil-0- Cel C3 and crushed fire 
brick.conducted at; the Fuel Oil Testing Plant, Navy Yard, 
Philadelphia, illustrates the. installation and. procedure 
generally: followed in determining, suitability of, vere 
material for Naval boilers. 

The following is quoted from an. test on the 
two materials to. determine their relative insulating value 
and. durability . furnace, of 
boilers :., 

of I —The test. of 
was made on the furnace: bottom: of the Experimental 
_ White-Forster Boiler at the Fuel Oil Testing Plant in con- 
junction with evaporative tests, The dimensions ofthe 
bottom pan are 11 feet, 171. in width and to. 
LI 4 inches in depth. | 

“The right. half. of the pan was within a 
ip layer.of the calcined Sil-O+Cel, Grade C-3... This 
material-comes in lump form, the particles varying in size 
from a powder to those that, will pass through a sieve. of 
4 mesh to the inch. It has.a very light pink, color, derived 
fromthe calcining process; The raw. diatomaceous earth 
from which it is made is,,pure, white in color, . Calcining 
eliminates subsequent shrinkage due to heating and cooling. 
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In calcining, a small percentage of the insulating value is 
lost but the elimination of shrinkage more than offsets this 
loss. 

_ “The Sil-O-Cel, Grade C-3, was dampened a little with 
water spréad on the furnace It was'then taitiped 
down lightly. Very little water was used, only enough to 
dampen, so that the material would pack well. In tamp- 
ing, ‘care. was taken not to pulverize or break up the lumps, ; 
as to do so would considerably reduce its insulating value. 
“On top of the Sil-O-Cel, Grade C-3; two layers of split 
brick (9 inches x 44 inches x 1% inches) were laid. “Wood- 
land’ brick manufactured by Harbison and Walker Re- 
fractory Company were used. Each course was laid with- 
out cement, allowance being made for expansion on initial 
heating. All joints between the two courses were broken. 
The cracks between the brick were filled with dry high 
grade fire clay (Contract Refractory.Cement, No. 2) and 
brick were then covered. to an approximate depth of. 1/8 
inch. 

“The left side of the farnace bottom: pan was laid wis in 
the same way except that crushed fire brick was used in 
place of the Sil-O-Cel, Grade C-3. The crushed brick’ was 
supplied by the Babcock & Wilcox Company and is the 
same as that used in many\-recent installations. [For 
installation see Fig. 1.] 

‘Description of Test. Instruments.—The temperature of 
the heat passing. through. the. bottom.of..the furnace was 
measured.-with. a-resistance type (Heraeus) ‘platinum: py- 
rometer,-used in. conjunction. with an Hanovia Recorder. 
The accuracy of the readings over: the range covered is 
plus or minus 2 degrees F. .Two 5-foot pyrometers were 
used. Fig. 1 shows their location underneath the bottom 
pan in the air space between pan and outer casing. They 
were wedged up against the bottom pan. 

‘Furnace temperatures were taken with an improved 
Morse Optical Pyrometer manufactured by the Leeds and 
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Northrup Company. Fig. 2 shows the location and method 
of observing temperatures in four parts of the furnace. 
The accuracy of this pyrometer at temperatures near 
3,000 degrees F., under black body conditions is estimated 
to be within plus or minus 20 degrees F. When observing 
the direct flame temperature, the variations in consecutive 
readings under ‘steady conditions i ig within’ or minus 
5° ‘degrees ‘The optical pyrometer has. Tecent been 
calibrated against a.standard |lamp.of. knowh intensity. and 


found to read 30 degrées F. low at 3,000,,degrees.._ This i is 


an error of 1 per cent which is within the:probable error-of 
temperature readings. Therefore the various temnpegature 


readings in. the furnace-were uncorrected. 


Results of Tests—Between February 5, 1918, and June 
27; 1918; inclusive, ‘data was taken during 28 test Turis on 
the boiler. These runs varied in length from one ‘hour to 
twenty-four hours, and were made at varying rates of com- 
bustion from 3.669 to 11.276 pounds “perc cubic foot of 


furnace volume: TI he following: different types of air 


registers and burners were-used : Bureau Stan atur- 
al-Forced Draft, Peabody and.. the $ rd. Forced 
Draft (Cramp- modification) - 


in temperature plotted against time. These ‘nine curves 
were selected, from the 28 rutis is made, aS representat ive of 
average conditions. During the period covered by this 
teport “the furnace ‘has beef’ in Gperation a t6tal 302 
hours. The furnace temperatures and the degree of heat 
saturation due to. rates of combustion on these tests were 
more severe than will probably be obtained in service. 

‘Fig. 10 covers the longest period of time and the rate 
of combustion throughout the run was high. After about 
12 hours steaming the temperatures through both the 
crushed brick and the Sil-O-Cel became practically con- 
stant. Near the end of the run the temperature dropped 
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the furnace combustion. 
‘A comparison f the shows 
perature through! the Calcined Sil-O-Cel, Grade C4. | 
consistently lower than that through the crushed brick 
from. 105 degrees F. to 305 degrees, depending on the dur 
tion of the run and the furnace temperature reached. 

“Phe split brick were frequently lifted in- different parts 
of the furnace bottom for the purpose of examining) the 
insulating materials. "The Sil-O-Cel showed-nio shrinkage 
or.change in general appearance. The crushed brick 
showed no ‘material change, though i in places it Fapepredito 
haye packed down more than when first installed. _ 

“It. was difficult to, determine the relative weight of 
thé two. materials, owing to. the variation in, the si of 

othe particles of both. The average of several weighings 
indicates that the--Calcined -Sil-O-Cel-is- 

\7 42. per cent of the'weight of an equal volume of the 
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SURVEY ‘OF RADIO’ SITUATION; 1921. 


DEB .bonk 


operated ‘primarily as a means of comniunication between 
the Atlantic, ‘Pacific and Asiatic’ Fleets, with their aux- 
iliaries, and’ the Navy Department; for the preservation 
of life and property at sea in time of peace and,’ second- 
arily, ‘to’ afford radio: communication : facilities ‘to other 
branches: of the Government and to the general public. 
| The Naval Communication Service as established may 

be said to’ be divided into three separate branches, namely, 

‘personnel’ under the Bureau of Navigation; ‘‘operation”’ 
under’ Chief: of Naval Operations; (Director Naval 
Communicat' and: ‘the of 

Chats Signal‘ Service provides all. stations with. facilities 
and equipment by the use of which radio communications 
are carried on. The Bureau of Navigation traitis and sup- 
plies the personnel to man the stations, whether ship, shore 
or aircraft. ‘Director: Naval Communications, utili- 
zing these facilities and this personnel, directs and super- — 
vises the operation : service with. to: 

The activities of the of Navigstion:d are sharply 
defined in that its sole responsibility is to train and supply 
a sufficient number of mento man the radio stations and 
to assign a sufficient number of officers for their supervision: 

The activities of the Director Naval Communications are 
also sharply defined in: that: his office is responsible for the 
satisfactory functioning: of the service with the personnel 
and facilities provided, with regard to handling traffic. 
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The activities of the Radio Division, Bureau of Engineer- 
ing, are less sharply defined, and as a matter of fact its 
responsibilities’ cover abroad) field, of activities, These 
range from the conception of an idea to the accomplishing 
of facts of ‘great’ magnitude’ and ‘importance, ‘such as the 
development of wireless communications from the time 
it was” demonstrated: that: communications could: be 
_ successfully carried:on, without the use of connecting wires, 
between distant points beyond. the range of visibility, to 
the time when the Atlantic and‘ Pacific’ oceans: and. the 
North American continent have been spanned by radio 
waves of ‘sufficient intensity’ to insure: satisfactory and 
reliable wireless communications, between points of such 
great distances, thereby enabling the Department to keep 
in touch with: unite of: the in of 
the world: 

The facilities ng the of the 
Naval Communication Service comprise radio stations on 
board practically all ships of the Navy from battle ships to . 
tugs and the smallest auxiliary craft; chains; of coastal 
shore radio stations along the Atlantic and Pacific Coasts, 
on the Gulf of Mexico, along the Great Lakes, in Alaska, in 
the Canal Zone, in the West Indies and in the Pacific. Also, 
a chain of high power trans-ocean and trans-continental 
stations is provided which ‘enables continuous communi- 
cations to be carried’on, regardless of any other existing 
means of communication, ‘such as cables, between’ Wash- 
ington and our possessions in the Philippines, Guam, Tutu- 
ila, Hawaiian Islands, Alaska, the Canal Zone, the, West 
Indies, and with stations in practically any country of the 
world ‘which possesses ‘stations of sufficient power, to 
communicate with high ‘power ‘stations of: the: Raval 
Communication Service: © | 

These ship, shore and aircraft are not 
only equipped for radio telegraph: service but radio 'tele- 
phone and radio compass service is also either provided at 
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a large number of the stations or is: being provided.’ Sound 
Signaling devices are being provided, the latter particularly 
on shipboard stations. Where the’ volume of traffic war- 
rants it, the shore stations are operated: duplex by means’ 
of remote control: stations’ which: enables to. be 
received station when it is transmitting: 

The Naval Communication Service, as stated sitiaideabe 
is maintained and operated primarily for the use of the 
Navy: Its Service to provide communication facilities with 
our outlying possessions, independently of the cables where 
cable service is available, is gradually becoming moreand 
more extensive and of greatly increased importance. This 
is particularly the case where the cable ‘service is under 
foreign control. The Communication Service is, of course, 
of'primary importance with regard to the safety and preser- 
vation of life and property at’sea and to our ever-growing 
merchant marine. The Communication Service is also of 
the utmost importance to the general public, in that it 
provides facilities for the. handling: of commercial ‘traffic 
between ships at sea and stations along the coasts’situated 
in more. or less ‘isolated localities} in which . general 
localities none of the commercial radio companies will 
maintain coastal ‘stations due to the fact that»the station 
receipts would not show attractive monetary returns. | If 
the government did ‘not: maintain.stations for the Fleets 
in isolated localities, radio communication facilities.on shore 
would not’ in'many cases be available for shipping.» 

At the present ‘time practically all existing: coastal ‘radio 
stations in the’ vicinity of ports |New’ York, Boston, 
Philadelphia, New Orleans ‘and San’ Francisco are ‘main- 
tained by commercial companies where the volume of radio 
traffic is heavy-and the monetary returns’ fairly large: “A 
number of high power stations are maintained‘and operated 
by the Radio Corporation'of America; namely. New Bruns- 
wick, Cali, 


and Kahuku, Hawaii. Other stations are to be established 


by this company in the United States and abroad. The 
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Radio Corporation’s high power stations were taken, over 
by the Naval, Communication Service during; the. war and 
were either operated, or closed, as were, ee ithe: coastal 


‘stations of all commercial companies. 2 oft tt ett 


‘The chain of coastal stations the: SMesconi 
pearing now absorbed by the Radio Corporation; were 
purchased by the Navy during the war as) were also \the 
coastal and high power. stations: of the [Federal Telegraph 
Company. © This: was done with a view to eliminating, as 
far as possible, a multiplicity of stations within various 
general localities, to teduce:or eliminate the very: trouble- 
some interference, and at the same time maintain.a chain 
of shore stations which would’ meet. all the requirements 
of: official. and. eommercial traffic; to, reduce 
the expense to| the government in paying high rentals for 
the commercial stations taken over by, the: Navy 
duration of the: war. 

Foriall'practical purposes, ‘as, stand 
are only. two radio organizations of any size in, the United 
States capable of efficiently handling general radio traffic, 
namely, the/ Naval Communication Service and the Radio 
Corporation: of America, the facilities of the, Radio 
poration being’ practically limited to trans-ocean traffic. 
The-Radio Corporation is considerd’ a valuable, potential 
asset! the Naval ‘Communication | that. its 
stations, in the United States and our outlying possessions, 
are available for use by the.Government during time of. war 


‘and this. Corporation is enabled to, and plans. to, establish 


high power stations in various foreign countries which will 
communicate through its American stations; thereby afford- 
ing the most satisfactory means of communication 
tween American ships and: American 
with the United States in peace-times.': 


- The Federal Telegraph Co:, a 100:per cent 
pany, has recently acquired’valuable concessions| for trans- 
Pacific radio| service to China, and for intercity, service in 
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China.», The, outlook | is: most.favorable. for this company 
in the Far, East,:.and its activities promise valuable aid 
to American interests in, that important part; of the-world, 
Radio Telegraph Company. has,re- 
cently, established a few the 
North; Atlantic, coast... 

At; the time the. United States ‘entered the world war the 
majority, of, the stock of the, Marconi. Wireless. Telegraph 
of America was held in England and, therefore, the, policy 


The. Navy: particularly. desired that a ‘strictly 
American ;company. control, such, of the high power radio 
stations;in the United, ‘States, as.,,were not owned. by. the 
Government, because...it was, found, ingpracticahle , for the 
Navy. to. monopolize, long distance, commercial. traffic, owing 


would. oi been impracticable for the Government to erect 
high, power; radio stations in foreign countries, to, operate 
with; its high.power stations.in this country and its pos- 
sessions, the, Navy Department, advocated. the, formation 
responsible American commercial, company. for high 
power work, and eventually, this policy led tothe acquire- 
ment_of the English interests in, the Marconi Company, by 
the, General, Electric, Company, and. the formation of the 
Radio, Corporation as successors to, the old Marconi Com- 
-pany. .It;is now. assured that the, policy and operation, of 
Corporation are dictated, by,American citizens, with the 
result that it is a valuable potential asset, as stated. bette, 
to,the Government, and particularly to the Navy... 

i The, Radio Corporation, has working agreements, Peli 
concerns, operating high power stations in England, France, 
Italy, Norway, Germany, . Poland: and. other. 
-countries. and stations are. to. be. established, by. this Cor 
_poration,.in South America... The, Radio Corporation’ 
trans-Pacific circuit communicates, with, Japanese stations 
and, other stations in the. Orient and further extension of 
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sérvice’in the Orient is'contemplated. Hence there.is‘now 
_ established a strictly American radio'service' with foreign 
countries’ which is rapidly being extended’ and developed. 
"The material ‘branch’ of the’ Naval’ Communication 
Service is ‘constantly endeavoring to improve facilities and 
to introduce improved methods and equipmient | for ‘the 
radio Service and every effort is being made to’ keep in the 
lead of foreign countries in this respect | and’ thereby” bt 
our Navy every possible advantage. = 
Important advances have been ‘made the 
years all along the line. Improved transmitting and ‘re- 
ceiving equipment has been developed and placed in service, 
thereby increasing the effective range of ship, ‘shore ‘and 
aircraft stations. dmproved devices have’ been’ developed 
which eliminate static and’ interference large extent 
under certain conditions, thereby making thé service more 
‘dependable ‘during the summer months ‘when’ heavy’ at- 
mospheric disturbances prevail and making’ the interfer- 
‘ence from interfering statiotis less troublesome.’ The Radio 
Compass has been déveloped ‘to such an’ extent that this 
equipment has ‘been installed in’ ship, shore’ and aircraft 
stations and’ the compass Service is now depended ‘on for 
ships and aircraft positions ‘and béarings “as ‘a matter ‘of 


‘course. A radio piloting cable'system has been'déveloped 


to such an extent that’ this system ‘is ‘now’ available’ ‘for 
guiding’ vessels’ into ‘harbors’ duritig “fogs ‘and’ ‘at ‘other 
times ‘when’ navigation’ would’ wile be dangerous or 

_ The Raidio Pitoting service has Been’ over 


‘ds not coming’ strictly ‘within’ the’ thie Naval 
‘munication Service. The: ‘tooo-kilowatt Lafayette Radio 
‘station, ‘established near ‘Bordeattx; “France, as a war'pro- 
“ject ‘was! ‘placed’ ‘in commission and turtiéd ‘over to ‘the 
‘Prench Government on ‘Deceriber 18, "This ‘station 
is twice as powerful as any other existing radio station atid 
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its signals»can be‘heard practically over the as 
indicated! by’ the results of tests condwcteds! 

The Bureau of Engineering: has: always: thie 
pasting of ‘all ship to: shore’radio*service; both official and 
commercial, in the hands of the Naval Communication Ser- 
vice, because, from:its long and intimate experience with the 
radio:service, it has been convinced that more satisfactory 
and reliable service, with less interference, can be given by 
one capable organization than by several, and that the Naval 
Communication Service is the logical service to take over 
this work as:it represents the interests:most vitally con-— 
cerned, has an extensive and adequate chain of coastal 
stations of all types ranging from low power to super high 
power and must necessarily maintain this chain, of 
stations for communication with the Fleets in.any event. 
It is tealized that for International radio service the super 
high | power stations, particularly i in foreign countries, must 
necessarily be established and operated. by private com- 
mercial concerns and it follows that such private concerns 
must also have corresponding high power stations in, this 
country. 

The most ‘satisfactory arrangement. both 
ficiency of the Navy and the economy of the. public would 
be to have Government ownership for all coastal shore radio 
stations handling ship to shore radio traffic and to have one 
or more responsible American radio concerns encouraged 
as much as practicable in building up,. maintaining and 
operating a high. power trans-ocean-service. Ship to shore 
traffic can only be handled. efficiently, by. a monopoly, 
either government or private. The traffic is not. sufficiently 
lucrative to make a private company build stations exeept 
in the vicinity of the principal ports, therefore, a. govern- 
ment monopoly is favored. As the Navy has.its own sta- 
tions the Navy Department the 
ment to the OR, 
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The chain of Naval low, medium,: high and super-high 
power stations has been developed to the point where these 
stations: can) readily’ and: ‘satisfactorily handle: all radio 
traffic that may be offered... Where necessary the stations 
have been distantly controlled for duplex operation, ‘that 
is, remote control and receiving stations have’ been estab- 
lished from 3 to 40! miles from the transmitting stations 
with land line connections between these stations thereby 
enabling the operators at the remote control and receiving 
station to receive from one or more stations ‘at the: wale 
OK ‘the preset thoment both branches of the Service are 
greatly undermanned, the Operating personnel, both officer 
and enlisted, being 50 per cent short of the required number 
and the material branch being in a worse condition. ae 
The cause for the shortage of technical men is the higher 
pay on the outside than in the Navy. While both branches 
are badly handicapped by this shortage in personnel, the 
Material branch is probably \ worse off than the Operating 
- branch, Becatise of the fact’ that it takes longer - to train a 
good ‘material man that, it does to ‘make a ‘radio operator. 
‘There are at present. employed under ‘the Bureau of 
Engineering throughout the ‘service on radio ‘material 
upkeep 68 officers; ‘indluding ‘Officers-in- “Charge. ‘shore 
stations, 86 civilians under the Civil Service Commission 
and approximately” 200. unclassified civilian radio ‘elec- 
etricians employed byt the Yard | Labor Boards. at. the various 
Navy Yards. 
‘Upon this’ ‘Personnel ests the of kee 
in condition tadio and sound material Valued twenty- 
millions of dollars, developing : new and better “Apparatus, 
purchasing ‘new and ‘making installati on 
ships, shore stations and aircraft ‘belonging ‘to the 
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Of the 68, officers referred. to above, by far the greater 
number -are’ temporary. officers, and, radio, gunners, with: a 
comparatively small. amount.of college education. this 
reason; theadvancement in this branch of the: Navy-rests 
with the handful of Regular Navy Officers with a Naval 
Academy education and.an extremely: small number. of 
high-class civilian employes. working at. rat! iba 
commensurate with their knowledge or duties, | Av 
In addition, to the fact that at ‘present, ate 
enough regular Navy officers of the proper qualifications to 
handle the work efficiently; there doesnot, appear to: be 
any. source of supply of these officers, save. through the 
Post-Graduate School at ent and, oe in this: way, 
in. very small numbers, - 
Bureau of . Engineering: Requisitions, for equip- 
ments, specifications and, installation. drawings, ..appro- 
priations,, patent. infringement cases; shipment, orders of 
material for administrative, design, 
and. research.) rtedeed only rot 
Naval Radto Laboratory Standards Exper 
mental and, oibet lo 
Naval Aircraft Radio | 
mental and research. work; mainly,on aircraft. 
Engineering Experiment Station, Annapolis —Sound re+ 
search, experimental andidevelopment work... 4.1) 
Ohio +Radio, experimental Battleship loaned. to 
the Bureau, of Engineering) for of; all 
sorts, of practical radio experiments... 
_ Washington, for testing’ ind 
experimental work, also;used: for manufacture of, certain 
tadio, equipment... Store-house for, certain material 
All Navy, Yards, have testing:laboratories for equip; 
ment, and for instruction of ship-personnel. 
. All, Navy, Yards make installation of and repairs:to radio 
and, sound, material: on, ships; distribution, of material to, 
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and-tepair and installation work ‘when necessary on shore 
and radio compass stations ‘within ‘the Naval District ‘in 
which the Yard is located: In'each Naval’ District there is 
a District Radio Matériel Officer who; under the Engineer 
Officer ‘of the Yard; is the’Bureau of Engineering's repre- 
sentative in that District’ particularly in charge of all the 
radio material activities. ' In addition to the District Radio 
Matériel Officer above; there is a certain’ complement of 
officers (commissioned and warrant) assigned as his’ ‘as- 
sistants, in each case the complement varying with’ the 
importance and amount of work required. ‘There is also a 
certain complement of civilian Civil Service personnel 
assigned to each Naval District who, together with the 
officers referred to above, make all inspections of radio 
apparatus on the ships and shore stations in that District, 
make installations and have general charge bi the: ier 
of all radio and sound apparatus. 

The office of the District Radio Matériel Officer is always 
an the largest Navy Yard or Naval'Station in the District, 
for example, the Boston Navy Yard in the First Naval 
District and the Norfolk Navy Yard in the fifth. A certain 
number of radio electricians are employed by ‘the Yard 
Labor Board in éach Navy Yard, and work with the Dis- 
trict Radio Matériel’ ce on 
lations. \ 

From the above’ brief af’ and: 
tion of the Matériel Branch of the Naval Communication 
Serv.ce ‘and the statements about lack’ of ‘commissioned 


personnel it will be seen that 'there are a great many oppor- 


tunities for officers: having radio: 
in a large and growing organization.» 


Pew:realize ‘the: growth! of tthe | 


as compared ‘to the other branches of the Navy; such ‘as 
Ordnance and Engineering. In r912,in the Navy De- 
partment; the Division charged ‘with ‘the administration 


of operation and matériel for Communication consisted ‘of 
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two. officers, one civilian radio expert.and,one. stenographer. 
These. four occupied. one: corner of an, ordinary. sized room, 
Today;: the), total, space: oecupied by, the | operating; 

matériel /branches of Communications is large as, 

either the| Bureau of Ordnance or, Bureau, of Engineering, 

and) is, growing rapidly whereas, these. standard, Bureaus 

have, about, reached their maximum strengths 

Considering fact that-so much depends,on, Communi- 

cations,and its natural, growth, due’to, the advances, of 

science, it canbe seen that, the-oppartunities. in this branch 
for trained officers,are invitings:; ots 

The Bureau is, ‘providing the. as: 
the most, modern apparatus... Each year the 
apparatus, becomes. more complicated due.-to additional 
requirements of the service. .With each new class of.ships, 
with each new naval weapon, such.as aircraft for.example, 
additional simultaneous communications must be, carried 
on. The apparatus, provided can do) the work if;,com-. 
manding officers. get. together and insist .on- the. proper 
execution of regulations, with. 
to handle the apparatus. 

Lack. of, proper, personnel tie us 
whether we should ‘not return to older. and. more.simple 
systems. This, however, would be a step backward, and 
if we followed such a course other navies would immediately — 
gain an.advantage. The only. thing to.do is to keep on 
furnishing the most modern installations with the hope that 
gradual pressure from the Fleets will be the ultimate cause 
. of solving. the personnel situation. It) is..essential. con- 
tinually to strive for the ideal, and, not,to. stop short of 
our if we to maintain’ in 
re 

RADIO TRANSMITTERS, 


‘usual radio transmitting station consists 
of two distinct parts, namely, the’ antenna — ‘oe 
system, and the transmitter. 
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_ | The antenna and ground system consists of the overhead 
part which is ustially composed'of a number of wires spread 
out to cover a larger/or bmaller‘area of ground in accord- 
. ance with the rating of the'station and the somewhat similar 
underground part: known as the ‘ground network; thetwo 
being ‘connected’ ‘rat-tail ‘through ‘the’ ‘transmitter. 
The antenna-ground -isystem’ ‘serves ‘actually carry 
the high frequency oscillating current which: ‘radiates’ the 
power that is received’ at the distant'station. The’ trans- 
mitter comprises the power system which is used to gener- 
ate the high frequency currents’ required in radio work. 
The transfer to the antenna system is made through a trans- 
former closely related in) its’ characteristics’ to'‘the usual 
power transformer. Amimportant difference between these 
two is that the’ transformer for the ‘radio’ set utilizes 
what ‘is’ known: as’ the resonant effect: obtained from: the 
inductance and ‘capacity ‘of ‘the antenna to ‘build up’ the 
antenna current, we have in .a’ radio station the 
power apparatus which generates the necessary high fre- 
quency current and the antenna system which ‘transfers 
this energy to a circuit capable of transmitting a portion 
of it'in the form of electro-magnetic waves that are capable 
of equipment at whe’ 

The of an'antenna are very 
to those of the ordinary condenser with-which we are all 
familiar. The overhead part constitutes one plate while the 
ground system constitutes the other plate and the current 

surges back andi forth ‘between these two plates. The . 
value'of the radio frequency current is rapidly decreased by 
resistance and’ it' is therefore important to provide for\a 
minimum resistance by making both the overhead and the 
underground part of a:suitable number of wires so distrib- 
uted that the ground system may allow a full distribution of 
the current along, all parts under the overhead section , 
without passing through Mien, resistance, such as. rocky. or 
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dry strata of earth: -A very important feature con- 
cerns the transmitting ‘range’ is the height of an antenna 
and this ‘accounts for: the: tendency: to’ erect « high: steel 
towers)at'our modern stations: ‘The other’ most-important 
factor in» determining the station’s range is the radiated 
current.’ Hence’ it is that; as: the: range ‘ofa station in- 
creases, the tendency is to erect a higher antenna in order 
to reduce the flow of the current ‘required or to increase 
the current and use an antenna of Hanan depending 
on the’ price of towers:and power: 

various types. of) transmitters it» use are’ 
spark, arc, ‘high frequency alternator, frequency changer, 
and tube. These may: ‘be again. divided into: two general 
classes—the spark or wave: 
commen wave transmitter. 

The spark transmitter was. the type first it 
is still largely in use, especially: for small power installa- 
tions. The various continuous. wave types: are of com- 
paratively recent development and are’ found'to be superior 
in-anumber of:respects to the damped wave:type. ‘Briefly; 
the distinction between the two is that)in the'spark type 
intermittent groups of highly damped waves (wave trains) 


are transinitted while with the continuous wave type the _ 


waves have/an ‘unvarying’ amplitude, are not grouped but 
are sent out’ continuously. The telephone ‘radio 'trans- 
mitter of which we are hearingimore’every day is — 
to the. continuous wave type of transmitter only. * . 
There approximately 130 Naval ‘shore: traffic 
stations equipped with apparatus. of various powers 
and including 30 kilowatts locatedin the territories ‘of the 
United States: These stations have been gradually estab- 
lished ‘over ‘a long period and contain’ mostly the spark 
type of equipment. The oldest installations were of the 
early Marconi type where the power was taken directly from 
the commercial power supply at: 60 cycles and fed intoa 
transformer! which’ stepped the’ voltage’ up to approxi~ 
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mately: 30,o00'volts.: "Phe :condensers, which were charged 
transformer: to:this voltage, discharged:across a fixed 
gap or, imlater installations, across'a rotary gap with aigreat 
deal of noise anda very low efficiency The high frequency 
current set! up/inuthis circuit, known asithe closed circuit 
and: comprising the spark gap, condensers ‘and: small:induc- 
tance, was transferred’ to theantenna circuit:and the signal 
transmitted had)the characteristic 60 cycle low rough'note: 
_ Further investigations developed that-a higher frequency 
was much more effective in carrying the signal and:a fre- 
quency of cycles: was adopted as best suited: for the 
purpose. This nécessitated the introduction of a special. 
motor: generator set for the higher frequency. A further 
development hasbeen the stibstitution of quenched spark 
gaps for the open and rotary types. ‘The quench gap con- 
sistsiof'a series of parallel discs with flat surfaces separated 
1/too' inch by insulating gaskets, about 12 such gaps 
being commonly in:series.: Its effect:is. to reduce the 
interaction between the antenna circtit and the circuit con- 
taining the spark gap and condensers after transfer of energy 
to the antenna circuit has been once‘made. :The 500 cycle 
quench gap transmitter;in sizes from) 4 to’ro kilowatts is 
now-standard: for ship and shore installations. For larger 
powers the arc type of transmitter is: generally employed. 
_ There are11 stations rated as high power which are under 
the control and operation of'the Navy: Theseare: Radio, 
Va. (Arlington); Darien, Canal Zone, San Diego, Cal.; 
Pearl: Harbor, -H., ‘Heeia, T. H., Cavite, P. I., Guam, 
Marianas, Sayville, N. Y., Cayey, P.'R., Mare Island, Cal., 
and Annapolis; Md. These stations all have or will shortly 
have sets of 100-kilowatts or more.’ High speed sending and 
receiving equipments capable of 75 are 
— installed in all primary stations. 
The first. of the: Naval high; that 
ean at Radio, Va., where a 100-kilowatts spark set was 
installed. This set gave very satisfactory results, but failed 
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to develop the: range! which was-later’ desired. Arlington 
-been:used for: broadcasting to ships, for press and time 
signals and ‘as an experimental; station.:and ‘served’ to test 
out the first-are transmitters, at:which place the superiority 
 of:this:type over the spark type wasclearly demonstrated: 
are transmitter differs radically from the ‘spark 
In: the former, a difect current arc, supplied 
from a source developing 500 to’ 1000: volts,, is: formed: be+ 
tween the poles of a strong electromagnet'and in an atmos- 
phere ‘composed’ largely of hydrogen. The ‘antenna »is 
connected directly to the positive side of the are through 
suitable loading coils, while the negative terminal is! con- 
nected to the ground system. Power is supplied tothe an= — 
tenna by: the arc; thereby. building up a potential:in the 

antenna system until a reverse flow of current takes place 
from the antenna: back through the arc to the ground sys- © 
tem. The are then renews the antenna charge and the 

cycle of charge and discharge: is continuously maintained, 

a series of uniformly ane boned 

being’ sent. out: 

This type of itself very 
large power installations and has been employed exclusively 
in the stations erected by the Navy Department. The 
present installations of this type include a 100-kilowatt' set 
at Radio, 100-kilowatt set) at. Darien, 200-kilowatt) at 
San. Diego, 350-kilowatt set each at Pearl Harbor and 
Cavite; 100-kilowatt set at Heeia, T, H., 200-kilowatt set 
at Cayey,: 500-kilowatt set at Annapolis and 100-kilowatt 
sets are being installed at Guam and Mare Island. | r000- 
kilowatt» sets in duplicate have been installed in the 
Lafayette station which the Navy erected near Bordeaux, 
France, as a war measure: The Navy has also installed 

a 200-kilowatt arc at: the Sayville radio 

Another typeof transmitter developed the 
Electric Company: which: is suitable: for high powered 
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installations ‘is: known) as’ the -high frequency alternator. 
It consists of an especially: constructed alternator: capable 
of developing the radio frequencies directly in the machine 
itself... A) 200-kilowatt) unit has: been: developed: and very 
successfully at the: New Brunswick’ Station) now con- 
trolled -by the |General Electric Company: through’ the 
Radio ;;Corporation of America:::This machine is;:con- 

nected directly: to thecantenna -and delivers a: very: clear 
signal of the continuous wave class: | Signals are sént:by’a 
method of decréasing the antenna current by a device called 
the magnetic amplifier which reduces the radiation to a 
small percentage of the normal radiation:  It:is possible’ by 
use of this magnetic amplifier to use’ the high frequency 
_ alternator for radio telephony. An extremely large station 
based on this: type of equipment:is being erected: by the 
Radio: Corporation of Americaon Long: Island: com+ 
mimication with Europe, South America 
in the establishment of commercial circuits.» to slow: 

Twovother types of equipment for the: 
of high frequency continuous wave current) are«known, 
namely, ‘the: Goldschmidt ‘alternator: and. the: frequefiicy 
multiplier transformer. The Goldschmidt alternator ‘util- 
izes a method of building’‘up the harmonics, always present 
in generators, through resonant: circuits: until the desired — 
frequency is finally attained and passed on tothe antenna. 
The transformer multiplier utilizes a special: circuit which 
enables a given single. phase current: to! doubled 
in. frequency until by: two or more such» multiplica- 
tions the desired frequency is attained and passed on to the 
antenna.» Such an installation is: occasionally used’ at the 
Sayville ‘Station where it: was’ installed: by: the former 
German owners.:| The’ set! is not) considered: verysatis- 
factory ‘because of the large’ amount of: equipment and 
difficulties of operation. Somewhat:similar criticisms! as’ to 
the difficulty of operation apply to the Goldschmidt: alter- 
hator which is a:'German development and: was installed in 
the Tuckerton Station for some time. 
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The most recent development, however;is the vacuum tube 
transmitter. This‘is little-more than’an enlargement of 
small audion tubes used ‘in receiving work and with which 
were all familiar: This system has not yet been sufficiently 
developed to have” been “installed in any ‘of ‘the naval 
stations, but ‘the work. of development ‘is ‘being carried 
forward with all possible ‘dispatch: » In comparative ‘tests 
of the:'transmitting qualities of the spark, arc and»tube 
type of transmitters the latter has proven its superiority. 
Plans are at: present: under way for the earliest’ possible 
installation of a Set having! the normal ‘rating’ of: 20° or “25 
kilowatts at Radio, for a definite and’conclusive test of - 
the operation to be expected ‘from a large tube installation. 
In the probable future Naval'development of ‘radio: it is 
expected that itubes' will directly replace the spark equip- 
ment without further considering the high frequency alter- 
nator: because: ‘the advantages in’ flexibility and sim- 


plicity of ‘the tube:set and: the very excellent results: which 


have so far been which ree ite 
obtained in the future.” 

As compated with the 4 arc 
a*further advantage of very easy’ control and ‘the: sup- 
pression of all current in the antenna during the period the 
transmitting: key is. in’ the: open position. the arc 
sets, however, the ‘current through the arc cannot be inter= 
rupted and it'is necessary to provide'some means of ‘shunt- 
ing the antenna ‘current: through ‘an auxiliary circuit when 
the key. is openor ‘to’let it pass continuously into the 
antenna and employ ‘what is’ known as the compensating 
system of sending ‘by which a small difference'is ‘made in 
the wave length of the outgoing signal when ‘the key is in 


the closed’and inthe open ‘position, ‘this difference’ being 


sufficient ‘to allow reception of the required signal-at the 
distant ‘station: | Av satisfactory system of shunting the 
antenna current, known asthe uni-wave system, has: been 
developed for’small power arcs, ae the — of adapt- 
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ing the:same system to the large powered ‘arcs: has not Yet 
been satisfactorily, solved although progress iis bemg:made 
and: solution is:looked for... Experiments to 'this 
end: are‘ being-undertaken at: the Annapolis: Station where 
a 500-kilowatt set: is installed and, if! successful there, the 
system will be installed as, rapidly ‘as,possible: at, the 
other naval high powered aro 
The future: of|the high power tadio ‘station. is: likely to 
include many further-developments and is already proving 
to serious competitor:to the :trans-oceanic cables: for 
the transmission of commercial traffic. The: radio: service 


_is already: handling 10 per cent: of the trans-oceanic ‘traffic. 


. While great development ‘has: been. made in increasing 
the efficiency and reliability: of radio: installations much 
work, yet; remains to be done. Two lines.of ‘development 
may be mentioned; namely, that of directive transmission 
which will reduce, to a very large extent, the power required. 
for long distance transmission: means 
the effect of static:in receiving. | in 

For some time the Bureau of has bets 
ing toward the’ modification of all spark transmitting 
equipments so as to provide: some form: of transmitter 
which makes use of a continuous carrier wave. Experience 
has shown that the distance covered, the ratio between 
night and day signals, and the effect: of the seasons of the 
year on signals; is: very much in favor of the continuous 
wave, such as those produced by arcs, tubes and machines. 

This type of wave also permits of very sharp tuning at the 
receiving station: and; therefore, eliminates a good deal 
of interference which is when, 
spark transmitters. 

At the present the: thes the 
arc, spark. and vacuum tube: types )in regular service, the 
latter type being divided between telegraph and telephone 
transmitters. -In addition to the transmitters: which are 
now in service, there is being:developed a type set known 
as the spark tube transmitter. ° 
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» Areequipmentsmay be divided into: two classes: those 
designed for; use onshore, ‘and: those: for use aboard ‘ship: 
The iarcs which are designed for shore station use may be 
divided into two'groups, Naval District:or medium power | 
‘ares, ranging in power from 12 to 60’ kilowatts input ‘and 
High Power Transcontinental, Trans-oceanic ‘arcs; ranging 
in power from 60 to 500 kilowatts. The maximum input to 
the arcs,however, at any of the Naval High Power Stations is 
approximately 350 kilowatts, the size of the antenna not 
permitting the use of 500 kilowatts, the maximum reliable 
communication range obtained with 350 kilowatts being ap- 
proximately ‘5,000 miles. The:arcs which are designed for 
use aboard ship may be divided into two groups, low power 
and high power. The low power arcs are of'2 and 5:1 KW 
capacity and are designed for use as auxiliaries tothe High 
Power ares or for use on ships whose antenna is’too small 
to permit: the use of greater power. These lower power 
are equipments are provided with a ‘‘chopper;’’ ia device 
for interrupting the continuous waves so that’ they may: be 
received by receiving ‘stations equipped for the reception. 
of spark signals: High power arcs for ships use are'of 20 
and 30 kilowatts capacity and are used on the larger ships 
where: the: antenna is of sufficient size. Reliable:communi- 
cation of 1200! miles is now possible*from | ito 
to shore. 
The Navy has insuse:a large number of, 
all ‘of which are of the ‘s00:cycle type‘and ‘vary 
in power from one-half to 100 kilowatts. Each size serves a 
particular purpose, the'smaller ones being used as ‘auxiliary 
for the larger power equipments’ or’ for installation on 
smaller ships.. The high power spark equipments are ‘used 
oft the larger ships and at’ shore ‘stations, the 16 kilowatt 
size having an approximate range of range 
being limited by the antenna height: 
~The spark tube transmitter which is Henig: developed by 
the Bureau is: a' vacuum tube equipment which makes use 


. 
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of a part. of the spark apparatus: . The filaments of ‘the 
vacuum, tubes-are lighted from the:local supply, the tube 
plates being supplied from the high ‘potential side of the 
500 cycle transformer. The: wave emitted is essentially 
continuous in character but is modulated by the soo cycle’ 


‘supply: so that it;may be received with pure 


note,on the ordinary spark: receiving equipments. 
Perhaps the most interesting of the 
eqnipmeante:ast ‘the vacuum tube telephone and telegraph 
transmitters. These: equipments are: built-in sizes from 
five watts up to 750 watts capacity and are designed for the 
reliable. transmission of thevoice over distances: varying 
from a few miles. up to approximately 400: miles! The low 
power equipments are designed for two way. conversation 
just ‘the same, as for:a conversation: over the: — 
capacity, is designed for use at aircraft: bases: \These 
equipments may be controlled over many miles of ordinary 


telephone line... That is, a conversation may be held be- 


tween a:plane say: 100 miles from its: base and a subscriber's 
telephone. say 500 miles from: the: aircraft) base, the voice 
being: carried: from the subscriber's «telephone 
ordinary. Jand tothe and. thence tothe 


aircraft by radio. wrote otiqite 


‘The shift from, spark sets to:continuous' wave equipment 
must nécessarily be gradual and over ainumber of years: as 
it 4s out of the question to replace existing equipment with 
new/expensive equipment: until| the former has worn: outs) 
the: policy’ to, design all receiving equipment for 
maximum selectivity , it; being: advisable:td sacrifice signal 
strength for selectivity: in thei receiver and then: amplify 
the, remaining signal «strength: 
Special: circuits and equipment: anes used ‘boty afloat: and 
ashore to, cut, out -interference::caused» by: atmospheric 
disturbances and disturbing transmitting stations: Itimaiy 


xf : 
= 
‘4 
4 
a 
4 
4 
ig 
4 
a 
of 
| 
a 
- 
7 
al 
i 
a 
ite 


SURVEY: OF. RADIO} SITUATION,| ‘roar: 305 


be said that, ini general, the first: class receiving equipment 
afloat consists of a special tuning device; a teceiver-andia 
multi-stage: amplifier.’ shore: station’ long» distance 
receiving equipment) is a little: more: complicated)in that 
itis possible to make use:of ground wires; loop and! antenna 
combinations for the elimination» of atmospheric :distur- 
banees, which were. very serious. when ‘mast 
receiving antennas were in vogue.) 

At the: present, time the Navy using of 
amplifiers which are commonly known as’ two-step’ audio} 
thrée-step’audio and combinations of radioiand audio. In 
the first and second types, that: is, audio frequency’ ampli- 
fiers; the signal) is amplified at: audio frequencies:):Ih ‘the 
third type, the incoming radio frequency signal isamplified 
by; three steps of radio frequency’ amplification and:made 
audible by a third tube (detector tube).and then! amplified 
by two stages:of audio frequency amplification: The total 
amplification of a combination amplifier results in :a ‘signal 


many wei the: original signal: oct 


‘Séction “of. the Radi as ‘cog! 
nizance over Research’ work on sound and radio apparatus, 
Whenever z apparatus is submitted for consideration by the 
Bureau of Engineering, ‘with: reference to ‘using this equip- 
ment in the Naval “Service, details ‘of this equipment are 
reviewed by the ‘Research Section, whose duty’ itis to deter? 
mine’ thé tt 1€0retical and” practical ‘possibilities of” this 
‘addition’ to. this, nformation ‘on new it en- 
tions and ideas ich’ may for ‘consideration 
are r viewed by he ‘Rese arch! Section and, whenever’ possi- 
they subjected: reful consideration, upon con- 
f'which if ‘there is’ a favorable ‘outlook for the 
are whereby’ the various Labo: 
tatoties ider the cos gniza ice ot the: ‘Radio Division ‘are 
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The Research of! thes Radio Division has 
its jurisdiction three major Laboratories which are qualified 
to handle Research Problems: and 'to conduct: extensive 
_ investigations on these: problems. These Laboratories 
consist of the Naval Radio Research Laboratory: located at 
Bureau of Standards, Washington, D.C., U: S. Naval Radio 
Aireraft Laboratory; Anacostia, D. Cc. and Engineering 
Experiment Station, Annapolis, Md., small testing Radio 
Laboratories at the ‘(Navy Yards, and the new Radio Test 
Shop at the Navy Yard, Washington. The Radio Research 
and Aircraft Laboratories handle the major part of the radio 
-tesearch work while the Engineering Experiment Station, 
Annapolis, handles all the research work. on sound:appa- 
tatus. The Yard Laboratories handle service tests of ap- 
paratus that has been previously determined as’ suitable 
for Naval needs and preparatory to its installation on ship- 
board, and also are assigned a certain amount of experi- 
mental apparatus for instruction of personnel. 

The general procedure pursued in ‘handling research 
problems is first, upon receipt of necessary authority, to 
assign a problem. number to the investigation and author- 
ize any one of the above mentioned Laboratories‘to conduct 
this investigation. Problems are arranged in three classes 
with reference to the priority of these. problems and are 


“given letter numbers, such as ‘‘A”, being the most im: 


portant, ‘‘B,”’ next in importance, and ‘‘C” next, and so on. 
: Upon receipt of necessary authority to conduct research 
work on problems assigned by the section, work is started 
: on these problems; upon completion | of this investigation, 

‘‘soap-box” model of the finished product is made. Upon 
notification by the Research Laboratory that the investi- 
gation is completed the Research Section informs the De- 
sign Section of this fact and submits the “‘soap-box”? model 
of the ne “The Design Section then submits the 
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‘‘soap-bex’’model to the Washington Yard. where 
remodeled: to; comply: with service requirements. ; Upon 
completion of this work the equipment is ready’ to be sub- 
mitted to the various manufacturing agencies who pro- 
duce the equipment in quantities. 
Approximately radio.research problems have been 
under investigation. by this Bureau, approximately, 50, per 
cent of which have been. completed.) Among the completed 
problems which are, of an important, nature are the, Radio 
Control.of Coast Battleship Na. 4, (ex Iowa) ;; the Radio 
Piloting Cable;,, the Radio Controlled, Torpedo;;Eaton 
Uni-wave for Elimination Are,Compensation. Wave; 
Anti-Static,. Receiving. Systems;,... the, Improvement ; of 
Shore Radio Compass Equipment;,.Radio, Relay, by, Re- 
radiation of Received .Signal;..Spark Tube Transmitting 
Equipment;; Underwater. Receiving Equipment, Sub- 
marines;,, Depth Sounding, with, Sound. Listening ‘Devices; 
Improvements in Sound-,Receiving, Apparatus for. De- 
stroyers and. Submarines, Ant 
importance... , 

experimental. vessel, This. vessel is, equipped, with the 
latest type radio apparatus and, its duties consist/of,con- 
ducting various problems affecting Design and 
Installation and, Operation, of this equipment;.on;-board 
Naval, vessels... The facilities. obtained, on ‘board. the, U.S. 
S. Ohio are such that, the, Bureau, is; constantly. in touch 
with any desired improvements necessary to equip the 
apparatus to“meet ‘actual’ service ‘conditions.’ This vessel 
is ordinarily stationed at, Annapolis, Md., and is available 
for any tests of a radio nature that, may require its services 
whether lying at anchor or cruising, up; and down, the 
Atlantic Coast,, "The acceptance. of radio. apparatus after 
having been subjected to service tests conducted, on board 
the Ohio is such;that this equipment is ready for installation 
on board any ship in the Navy and the: Bene itoaived from 
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these tests dre such that thé Bureau tattooing con- 
versant with what may be expected of this 


“SCOPE OF THE RADIO, COMPASS. 


the ‘system of' Shore’ Radio’: 
eased ‘by the Navy. Department as ait aid'to navigation 
is proving of great’ Value to our’ shipping ‘is testified to by 
the hundreds of letters ‘received by the’ Department from 
the Masters of merchant vessels. Shore Radio Comipasses 
or Radio Goniometers, ‘as’ they are ‘sottietimes ‘knowii} '‘con- 
sist of a’ special type’ of ‘tadio receiving apparatus coupled 
with*a revolving coil'and ‘ate capable of determining ‘the 
direction ‘of Signals’ emanating’ from aship’s radio trans- 
mitter. ‘These ‘stations! ‘have ‘been erected at Carefully 


_ selected locations along the’coast’ and in the vicifiity of the 


principal “hatbor~ entrances’ and" maintain’ continous 
watch 24 hours of the day, évery day inthe year 

When a ship at'sea désires its bearings from One Of more 
of these radio compass stations, she calls the’ station or 
stations in ‘the regular way aid makes a ‘prearranged tadio 
signal for one'mintute. The operator at'the’compass station 
takes the 'ship’s bearing while she is ‘transmitting and for- 
wards the bearing by radio to 'the ship: "\A beating may be 
had sifnultaneously from any numiber’ of' these ‘stations 


within range ‘and by the use of’ two ‘or’ thore! ‘beatings’ the 


POLICY ABOUT LOCATING STATIONS. 


location of the ‘individual station depends: tipon 
"The possible military importanée, | 
Gy ‘Advantage from the ‘standpoint as anit to wo Neviet 
“tion. 
Surrounding that’ will satis- 
“factory tadio comipass operation. Te 110 
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(4), Means of communication with vessels.at sea, and. 
(5), Rossibility, of co-ordination. with an adjacent station. 
4, In the first place; it, is necessary to-establish a radio 
compass station at.such a point. where it, will give the.max- 
imum service from a military,and naval standpoint in case 


of hostilities. «A review ofthe list of established stations 


will show. that, the large.ports on the Atlantic, and Pacific 
Coasts are amply provided for... In addition, certain other 
points of: importance have been included which, when 
considered in the entire organization, provide ie Pascan that 
will be of ‘atmost value'during hostilities. - 

2. In order to! maintain the; efficiency: of ‘this: 
service in time of peace, the facilities:of these: stations are 
offered to the shipsof the world: as:an aid ‘to! navigation; 
therefore, consideration of this: in: 

"There are’Many cases: ideal 
a’ of navigation/and military importance cannot 
be used due'to the surrounding-characteristics which would 
prevent the radio compass from! functioning™in: the proper 
manner,’ ‘A site:must: be’ selected which ‘is free:ftom’ sur- 
rounding metallic structures and should be; if: possible;‘a 
low sandy: beach, a ‘considerable:distdnce from any hills 
and elevations.’ Rocky: 'terraine, elevations and: metallic 
structures: have a tendency to cause refraction or bending 
of the wave front whith causes’ an 
in’ the observations.) <i 

a radio compass station is, to locate itso as'to-use an exist- 
ing radio transmitting. station, if that be possible. Other- 
wise, it will be necessary to install a tadio telegraph trans- 
mitter, which is an additional expense: ‘and, ha addition, 
increases interference. — 

It Gs always advisable where possible, to arrange 


the coordination of two or more stations in’the néighbor- — ‘ 


hood harbor entrance: Tovating two 
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compass stations which’ ate tobe co-ordinated, the length of 

x the base line’ between these two stations is a primary con- 
sideration. From experience; it has been ascertained thata 
distance of thirty to forty miles provides an ‘ideal base line. — 
These are the important éssentials to be considered in'the 
establishment of radio compass stations and it is obvious 
that a mass of detailed investigation will * covered before 

“When | have been established: and: 
work and installation of apparatus completed, it is:neces- 
sary to calibrate to correct any deviations that may: exist. 
The'method of calibration required is asfollows: 

. A transit is set up on the compass house and the true 
residing. 4 is ascertained. A vessel then maneuvers on an 
are circle about ‘the station at a distance of from two 
to five miles, constantly making: radio signals which are 
observed by the'radio compass operator. While the Radio 
Compass '.operator is making an observation, simultan- 
eously the transit observer obtains the: true) bearing of the 
ship. » This: procédure is continued through: the: entire 
working sector of the station: data compiled is:then . 
plotted: and: a deviation curve drawn.) work of 
calibration is: conducted with great: care using .extreme 
accuracy: |The observations) of the radio ‘compass ‘and 
transit are read to fractions of degrees, thereby producing 

. the wonderftl accuracy for: the 


RANGE, 
“The: range of, shore radio compass. stations toed on 
A, Sensitivity. of the Radio, Compass 
Power, of shore and ship od 
C. of calibration. 
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View oF Rapio Compass Com, anp Rapio REcEIVING INSTRUMENTS. 
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For navigational purposes the range’ isi limited to about 
190 miles;due,to the fact that; the; ‘majority, of ship's, trans- 
mitters cannot..produce signals. of; sufficient 
good compass work at aigreaterranges: 
However, for military purposes are, using 
high powered transmitting apparatus, ranges of 1000 miles 
or more may be obtained. Bearings; taken at this dis- 
tance, however, must be treated as great circles to avoid 
errors.“ On’: ‘Jaritiary’ 4, “1920, the! Atiierican’' ‘Steamship 
Eastern Breeze’ received sét’ of 'bearitigs ftom ‘the ‘New 
York Harbor’ enttance’ stations, ‘whith! fixed’ the’ ship’s 
position 830 miles southeast of ‘New! York. was later 
ascertained from the Captain of this vessel that:the position 
given was within'one. and one-half; miles of, 


The harbor, én éntrance ‘stations are “Operate in. groups of 
three or more and centrally controlled n plotting 
station connected with each by. and wire 
telegraph. In this case,. ample New. York, 

a ship approachin hing New York, and deine her position 
would call ‘‘NAH, ro the central control station, located 3 in 


New York City. The control station would notify by land 


line the compass stations at Moritatk, Fire Island, Sandy 
Hook and Mantolokin Ziving call. letters) is 
requesting bearing. Whe en. st at tations h ave. acknowledged, 
the control station contral. using the he New 
Navy Yard transmitte ects. t ip 

ship then transmits call The ‘one 
minute, during which time the compass stations , obtain 


bearings. The bearings observed are then given the cate 


station by.land, line’ andthe control, operator, roughly. plots 
them to ascertain the accuracy. of fix that has-been obtained. 


The fix usually, being satisfactory, the: bearings, are, .then 
furnished the eh 3 in message form by, radio. 


| 
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| | 


312 ‘SURVEY OF “RADIO SITUATION, "1921. 


In case of an independent Radio’ Compass Station’ the 
procedure for the ship'is identical; ‘but on shore the! Com- 
pass Station uses controlled radio’ telegraph 
transmitter for communication as ‘been: above 


hei is an interesting fact to note that. the first. permanent 
Naval Radio Compass Stations were established in the fall 
of 1918, and, in approximately years the 
has expanded to the following; 
23 Stations in commission on Gulf 
Stations in commission on ‘the Pacific, 
8 Stations building and being improved on the Atlantic, 
14 Stations building and being improved on the Pacific, 
6 Stations building on the Great Lakes, 
3 Stations additional authorized on the Atlantic, ” 
Station additional authorized on the Pacific, 
2 Stations building i in Alaska, 


ra 


e 


nae BECAPETULATION. 


Stations on the Atlantic and’ 
_ 6 Stations on the Great ‘Lakes, 


Trichuded in" the’ “above ‘are’ several stations established 
at Naval Air Stations, Petsacola; ‘Rockaway; Cape May, 
Lakehurst, Canal Zone anid’ ‘Territory. od 


. 
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NUMBER: OF BEARINGS FURNISHED. 


an indication’ ‘of the” use “vessels have’ ‘been. ma of 
the stations i in ‘commission, the December report, which i is 
an average for. this period of the year, will be of interest. 
ships were furnished 4,2 50 ‘bearings by. 23 stations 
on the Atlantic and Gulf Coasts. 

The average time required to furnish the bearings after 
the had been told to test was 4 n minutes and fifteen 
seconds 

“The Cape Hatteras Station’ alone furnished. 497 “bearings, 
which indicates that this station was greatly needed by 


mariners. 


‘EPFICIENCY. 


The efficiency ofa device of this character j is gn proven 
by the service it renders. From the December report just 
mentioned it is obvious that the navigators. are obtaining 
satisfactory results from the bearings furnished. : 

the. ag depends first, ‘upon 


second, the method of calibration which has been so. de- 

veloped, that during the. calibration, readings are recor 
to 1/10 of 1 1 degree; third, much depends upon the ability 
of th th 2 operating personnel and, pare the, apparatus is 


sufficient 
bearings of from the observation of 
emitter e ships favor of the lat 


+ y, 
j 
ce and experience. 
1 with the establishment of the radio com- 
| Pass service the question of policy as to, whether all ships | 
should be equipped with.radio compass apparatus and plot 
heir own bearings o sitions from observations made on ‘ 
d 
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owing to difficulties involved in insuring 


valuable aid to navigation, to the and 
Marine ai and. also to foreign vessels... 
AIRCRAFT RADIO. 
The success of aviation from a sitar bind nav stand- 
point, depends: toa large extent, n the efficiency ¢ of its com- 
munication. ‘Today radio is the only satisfactory system 
of. communication: which. the viation service has and to a 
large extent the expression * air raft for, radio" or “aircraft 
for, communication” is more nearly. correct than “'r ing adio for 
aircraft. Aircraft, radio is confronted ‘with’ certain ain prob- 
lems which do not enter into. ip or shore’ radio mmuni- 
cation at all, the greatest of. ‘these i is s the necessity of teduc- 
ing weight to an absolute minimum 
On, the turret’ Spi otting planes 0} the Picdt, the maxi 
weight allowance | for radio ‘equipie ent i is. 110 ‘With 
hi his weight limitation, ‘however, it’ has: ‘been to 
construct ‘telephone and telégt ay ph com inati 
transmitting and receiving Set’ ‘capable, of ‘two-w 
munication over a distance: oft tea miles. ‘Khe eavi vier Hike di re 
powerful spark telegraph set, ‘inclu uiding ‘recéiver and radi 
is installed in the 1 large sea-planes a and with 
it’ two-way y ‘communication ‘has | been’ attained a di 
four hundred. miles, but under a average. miles 
is the that can be. depen 
shore’ tadio set” out to’ installed at” the’ air 
prit ication with ai 


for primary object—conimuni 


ships, and, the necessity of having specially trained per- = 
sonnel. for this service which could be more readily, pro- | 
vided for on shore than with the changing and inexperienced 
operators on board ship. “The results, obtained justify. the 
decision made as the radio compass service, notwithstand- 

the brief since its has 


craft--and which it is expected: will communicate soomiiles 
telegraph. and) 250,miles telephone. -This.set: will, be| useful 
for. both commercial and, Naval ofbst Yo 
» One, of the, most important of. the.more recent; develop- 
ments of, aircraft tadio ‘has-been the acquisition: of; the 
aircraft, radio; compass: |, With the,present radio, compass 
as now, installed in; practically all,.of the larger type:sea- 
planes, a plane has flown) out to-sea; taking radio) compass 
- bearings of a battleship underway, at.an, unknown: position 
109; miles distant,-has picked up andi flown over the; battle- 
ship-and then turned) around and flown back to:its original 
station by means) of radio compass bearings only. ;; This 
proves, conclusively, radio..compass: for 
aitcraft especially when long: flights, are ‘made... The, dis- 
tance, above . mentioned .. will, undoubtedly. 


increased: the pilots andi,nadio operators: get more_ 


familiar |with its use and operation; and when, by experience; 
they get to place more reliance in 


_ In-order.to get any!results at all. fromthe radio .comipass 


it; was, necessary first, to | overcome ai difficulty,» which :4 


yeari two; ago;.seemed, insurmountable; namely,,/the 


elimination.of ignition disturbances im the: neceiver:attached 


to the radio compass, caused by the presence of high tension | 


leads running from the pilot’s seat back to the motors. | 


Other important problems in connection with the im-_ 


provement. of aircraft radio communication on which a 


great deal of investigation and development work has. been 


done are: Improvement of Inter-communication system; 


Development of a system of emergency transmission 


when plane lands on water; Elimination of storage batteries 


" as a source of power for transmission with: the consequent. 
weight reduction; Amplification of received signals. Other — 
problems with which. investigation is still in the pre-. 
liminary stage are: Use of the radio compass on all-metal. 


planes; Use of radio compass on rigid dirigibles; Use of 
radio to permit of landing during night or in a fog.. 
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Aviation! branch of’the Navy ‘is closely connected 
with the other branches of the Navy through the medium. 
of the radio communication service: ‘Several of the Air 
Stations are situated ‘either directly at or close’to the radio 
stations of the Primary system of the Naval Communica- 
tion ‘Service.’ Where\a radio station of the primary ‘or 
secondary system’ of the Communication service’ was ‘not 
situated close to the site selected for the Air a 
station was constructed at the’ Air Station!® © - 
- All radio ‘stations of the ‘secondary system in the seae 
Pie equipped to communicate with’ aircraft and one radio 
station of the secondary system which is located within the 
Air Station grounds has regular periods during the day when 
it does nothing but communicate with aircraft. On’ the 
occasion of a flight along the Coast of a large sea-plane: all 
radio stations which would be within the communication 
range of the plane on: its are told to on 
AllNavy radio’ dations along the Coast are, as 
in the case of ‘the radio stations above, informed of the date 
of the plane's cruise along ‘the’ coast in order tobe ‘able to 
oda. otto: 
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THE DESIRABILITY OF STANDARDIZATION IN THE TESTING 
OF WELDS*..... ~ 
_ By F..M. Farmer, of the American Bureau of Welding, New, York. 


Welding: by gas and ‘electrical ‘means has. long since passed the stage of 
small applications, and is becoming otie of the more important of the me- 
chanic arts employed in the ‘manufacturing and fabrication of ‘metallic 
structures. Although the welding art had been developing very rapidly, 


expansion was particularly rapid during the war because of the great 
possibilities for saving time''and labor ‘which were made evident. Since 
the war’ the field of application of welding has’ continued’ to expand, 
being ‘accelerated no ‘doubt’ by the ever-increasing’ economy’ over’ other 
of joining’ metals, which involye any’ considerable amount of 
No: argument is ‘néeded “for standardization a$ general’ policy!’ Its 
value in most fields of human “activity, and particularly ‘in 
enerally acknowledged. Therefore, when’a new art becomes an itnportant 
lement in industry, standardization is not only desirable, but is ‘almost 
sential if development along sound engineering lines is to continue, That 
this view ‘is recognized, is indicated by the fact that one of the important 
futictions of ‘the Bureau of ‘Welding—an organization ‘established by the 
American, Welding Society in co-operation with representatives’ of Gov- 
ernment Departnients and Technical Societies—is to standardize Various 
phases of gas and electric-welding, such, for example, as methods’ of 
elding, the training of welders, tests of ‘welds, nomenclature, methods’ of 
nspecting and testing welds in completed ‘structures, 
“90, far as, the author fs aware, no welding standatds of any kind have 
ve been proposed in the ‘United States, either by the Bureay of bak aro 
or other authority. However, there has’ been, considerable ‘discussion ‘0 
this phase of the welding situation, particularly by “the Welding Research 
Committee of ‘the Emergency Fleet Corporation,’ and’ as\' wide’ discussion 


is essentia] to, progress in real’standardization, this ‘paper is ‘presented as a 
contribution to the stibject’ of, standardization in’ connection ‘with’ the*test- 
ing of welds. Standards for evaluating welds are suggested, ‘and certain 
standard procedures are. proposed for those mechanical’ tests which the 
author considers to be the more important. It is’ believed that afree dis 
cussion of the proposals from the standp int of British practice wilt have 
Need for, Standardization’ in ‘Testing Welds Standardization’ ‘ot the 
procedure in making a test of any kind is obviously necessary before re- 
sults rained diftatent olibervets can be “compared. Tests of welds 
re noexception to this general’ rule: Differences in details of ‘procedure 
ave caused such widely divergent results that comparisons are»frequently 
impossible, with, the result that the usefulness of much of the research 
work on record is greatly restricted. 
he Tnititution of Méchanicab Engineers; ‘om Friday, Febru 
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The great need, however, in welding is for some standardized method 
of measuring or determining the relative value of a weld. The ideal weld 
_is presumably one which does not change the characteristics of a structure 
containing such a joint from those which the structure would have, if no 
joint had been necessary. In other, tgevAhe joint should have the same 

_ characteristics as the adjoining co Be f'this view be correct, what tests 
should be made to determine these characteristics, and how is the degree 
of approximation of a weld to the ideal \weld to be es, ete 


STANDARDS ‘FOR ‘TESTING WELDS. 


Fundamental” Basis—A’ weld’ is, ‘ih’ getieral;’ made fdr the purpose of 
joining together two, pieces of metal in.a)structure. Joints are, usually a 
necessary evil. They are avoided when. it. is, possible. to, fabricate struc- 
tures without them, The effectiveness of a joint is therefore determined 
bya comparison of the characteristics of that part of a structure containing 
the joint with a similar, part. which has no joint, Sometime in the future, 
processes may be developed.which will produce welds having inherent 

acteristics, such that welds may, into a; structure, for 


sake of acquiring these characteristics, In, that case. the above ius 

evaluation would not be applicable, but that time has not,yet arrived. Also 
the argument has been advanced that because a weld is non-homogeneous, 

it cannot properly be compared with a homogeneous metal. While this is 
true as far. as some characteristics are concerned, the fact remains that i 


probably, give more 
(c) Research Standard for Tesling, Welds—When a coniplete ‘investi- 


gation of a weld is to be made for research or other purposes, ‘all ‘tests 
and examinations -are imade, which ;will contribute any. information in’ re- 
gard to the characteristics of the weld. It may be necessary,,to snake 


t e. present stage of the art, welds are si joints, and the practica 
basis Sh evaluation of a weld.is in terms ole metal of the parts join 
‘ Standards,—It is obvious that for many. purposes an investi- 
gation of a weld need. not be There should sev- é 
eral standards which will,serve the more usual purposes, Three. stand- 
args are, suggested—shop standard, commercial, standard, and research 
Shop Standard for Testing, Welds.—In, the, shop. a, standard test i 
for such Tor checking. the of tim 
wire in/gas welding, testing. mis ect.of some change in conditions siltich 
may, have, taken place, etc. ..Such.a standard must Be, m- 
: ple as possible and preferably a single test, The technique of the broced: 
| ure in, making, the test, myst be of simple character, For such a. stand- 
ard, abending test is suggested,..A bending test involves more of the im- 
material than. any other, single static test, yields 
| Commercial, Standard. for, esting Welds, —There, are. many ‘cases 
where, more than. one Jind of test. should be made, but where the circum- 
stances do, not, justify, a;complete investigation, . ‘There is, a need 
for what might be termed a,commercial, standard for making, fo ee 
comparisons, between -different commercial welding. precesées ot n 
different, kinds of electrodes.in electric metal arc we ding or wires 
in|gas welding. It.is, suggested, that. such a standar ‘three 
fests-—ra, bending. test, a_tensilertest anda, fatigue test. These three tests 


NOTES. 
tests of a special character in special kinds’ of welds or where application 
under unusual conditions is contemplated, but there should’ be a standard 
list of tests: which will give information ‘which’ is complete; as far as all 
ordinary requirements’ are concerned. Phe is 
sucha standard Hist 4 


phorus and sulphur. 429}, BAI 
(a): Tensile. «To! include’ strength, “total 
(b) Bending. 


(c) Fatigue: 
(3) Metallographic. MA at 100 diameters. 


Tensile. To include ultimate total 
gation, and reduction area.’ 
(d): Impae Ti sid T 
Metallographic. at 100° at’ (a) the 
junction’ between the base metal and the filled-in metal; '(b) the base 
ometal adjacent to the: junction, the center of thse filled-in ‘tnetal. 
Dette: of Filled-in: Metal:— 
Chemical analysis.’ To include’ carbon, manganese, phos 
phorus and sulphur. 
‘Mechanical tests. -Standatd » ‘specimens: to! 
from °ingots. deposited’ in’! a» base-metal ‘mould: of ‘such> dimensions 
t normal cooling conditions will be approximated :— 
(a) Tensile. To include yield-point, ultimate strength, total elon- 


(c) Fatigue. 
(3) Metallographic, at 100° diameters.. 


Numerical Evaluation of Welds—The evaluation of articles nikabiae- 
tured in quantity is usually determined by, gomparison with a standard of 
some kind. Where a number of variable properties or cHaracteristics S 
involved, the most ai oi ge evaluation is obtained by employing a numer 

-For-example, each property is compared with the correspondin, 
operty of the statidard” percenta; assigned. Where suc 
parison cannot be made by, actital: be surement, a value is assigned 
hich is based on judgment. if If:o£ ‘the properties are of equal impor- 
nce, the final is simply average of the various per- 
however, in properti are more. important 
than and. ‘should before averaging. 

_ In the case of welds, most-of-the characteristics are determined by test 
and expressed in a nutherical«result; The-staxidard is usually the base 
‘metal, so that an evaluation of each characteristic of the weld in per cent 

that of the standard is easily | 


a value for the weld as a whole. 
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proposed, only one: test, is. made: so: that evolu- 
tained directly,.;, In the, “commercial standard”, three tests are 
Pal bg the relative value of the results of which, will depend upon the pur- 
pose of the investigation, If, for example, it, is, for. the purpose of: testing 
the applicability of welding to structures where the. stresses are. low: but 
vibration is always present, the result of fatigue tests is of great impor- 
ance. On the other hand, if the structure isa large tank for liquids, ‘the 
fatigue test result. is.not as important.as that of the tensile test and the 
bending test. 
It is suggested that for general purposes the + mesatbesaiall standard” be 


iby weighing the: tensile. tests by 1) aad’ the bending 


4) 


STANDARD. PROCEDURE IN MECHANICAL TESTS oF» wat. 4% 


Of the three kinds of tests which are made tor the inves- 
tigating a weld, mechanical tests are the most important and are in. the. 
greatest need of standardization, because they yield information ; about 
those characteristics which are; of greatest significance in the majority of 
applications of welding. Furthermore, they are the most easily, made, are 
better understood by a larger proportion of those intanentest: im welding, 
and the results are more readily interpreted. (5) 

. There are’ five general classes of mechanical tests which ; an ‘be made 
on ordinary. structural, materials—tensile, bending, (transverse), torsion, 
impact and fatigue. |All: five tests may, be.made.on, specimens cut from a 
sample, weld, but; tensile, bending and. fatigue tests will give ample data 
for all ordinary purposes. The impact test undoubtedly has much value in 
connection with certain applications of welding, but it is: questionable.if a 
static torsion test..develops any, information that isnot obtained from a 
tensile and a bending test. A standardized procedure. is therefore partic- 
ularly meeded for. tensile, bending: and fatigue tests. The, procedures out- 


STANDARD TEST SPECIMEN IN oe 
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some extent for standards. It is 
ieyed.. by, the, author. that. standardization, along, the general: fines inte 
cated, will: be. in the right direction; «6 

Tensile Tests--Standardization: along, new lines, ‘should utilize existing 
standards, as far as. possible, The, standard, test, specimen: in. America |for 
rolle oF; sheet, material is that of the American Society. for, Testing Ma- 
teria is shown in: Figure: 1... It. has been: suggested that; 
mens. test, welds*, be of the same shape.end dimensions. 

In some kinds of welding the test weld will not be flat, and in euehi' cases 
the wide sides of tensile s ipecimens should be at. least rough-machined in 
order to insure paraffet sides. Th “any ease) mietal at the weld should 
be re oved, so that the cross-section area er the reduced section 
is constant. . 

Gau marks should he laid off along the cen - Hines of both edges 1 
inch apart as shown in Fig. 1, the weld to be at the center of the middle 
inch. corresponding points on the edges should be in the same 

t is pa ularly nece y--in te ing specimens-that str 
applied in @.strai linel along: the the-specimen, 
ing.,action due\to non-alignment of the grips may affect the results, par- 
ticularly if the|weld is brittle. The rate of movement. of the crosshead of 
the testing machine shou = exceed that at which the beam can be 
accurately balahced at all ti e observations should include the load 
at at $3 vieldapeiat and at fai lure, the the former to be, taken by the “ drop of 

be pet should include the ‘yield-point: -strength -ex- 
pressed in pounds per square inch of the original area; totat~elongation 
after rupture in 1 inch, 2 inches and 8 inches expressed in per cent., each 
of the measured results as well as the average of corresponding results to 
be. recorded; contraction ahve in..per cent. ..The,,usual notes,.on the 
character. of the fracture: should be. recorded,. including 
of gas pockets, slag. or incomplete fusion whic may: be 
shown. 

Bending Tests—Of all the tests mat are made on welds,. none voqiires 
standardization more than the’ ‘test, because itis of an‘ arbitrary 
character, and there’ is therefore wide! divergence in the details-of pro- 
cedure. The result of a bending test is usually expressed as’the angle 
through which the specimen, can.-be: bent,,when. the first, ef appears, 
but this angle is obviously greatly affected by :—..... 


4 The radius of, curvature of the supports... oat 
(b), The: shape.and, dimensions .o: the loading surface, onl 
d) The method, asedinmeasuring, the angle. pi 


‘who ‘fas ‘trade’ ‘betiditig ’tests ‘of ‘welds’ will agree ‘that ‘all of 
these” influence ‘the résults;“and where they differ it is impos- 
sible to make comparisons which have any value, Reference’ to‘ results of 
tests of base or parent metal obtained ‘with’ the sane apparatus does ‘not 
eliminate the difficulty, because ‘parent metals—mild’ steel; for ex-\ 
ample—will bend ‘tothe’ limit of 180 ‘degrees’ ‘a' wide’ range’ of the 
conditions enamerated ‘above. is, therefore, absolutely ‘to 
have a carefully standardized bending test ‘Procedure Before! bending: tests 
of welds can be compared. 
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‘The bending test fixture shown’ diagrammatically in Fig! 2 has proved 
and: is’ one’'in which the features mentioned above can . be 
readily standardized. It will be seen that 'the specimen ‘is tested’ 'sim- 
ple’ beam with a’ minimum distance between ‘the supports and with: the 
‘weld-at ‘the center, the load beitig applied at the center of ‘the ‘weld: Such 
an arrangement assures a severe test of the weld, becatise the joint is a 
maximum’ part of that portion of the specimen which’ is between ‘the et 

Ports. The. if two ‘of steel rail 


GD ts 


— 


ing to a¢commodate various thicknesses of ‘specimens. Fig. 3 is a photo- 
‘graph of ‘such ‘a fixture as‘ used at the Biireau of ‘Standards at 
ton. 


dianieter: of cylindrical surface = thickness of test. 
radius’ of cornets of oft danerts 
W = distance between ei clans sift 


The top surfaces and corners! ‘of the supports’ are’ and lubri- 
cated with a heavyhibricant. °the ‘case of ‘@ weld made with metal de- 
posited in a “ Y,” the specimen is ' always” tested with ‘the’ load applied 
the side of the specimen which shows’ the least ‘filled-in 'metal:: The 
canbe; used) with a standard testing, machine of, the 
type, but a simple self-contained, for applying the: load can. be 
readily constructed: A 

_ The quantity. measured in, ‘the test, ba the total angle. through ‘which ‘the 

is, bent, at the instant the, first appears in, the, 
As the, test, is usually, made,-with the load, applied in a vertical. 
and on top of, the specimen, it wall be found convenient, to. view 
surface’ of the specimen: by, means, of a, mirror. and an, electric jamp suitr 
ably. located. as indicated in Fig. 2. 

The angle of bend can be quickly measured ti the simple ‘method ‘Mond 
in Fig, 3.) The outline iof. the upper, edge of the specimen.is, marked on a 
sheet of paper held against the edge of the specimen (before the: load: is 


4 
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rerioved), and the angle meastired with “an  ordinaty 
‘specimen may ‘not have been perfectly ‘straight initially, (a simit 
cedure should. be ‘followed before! the load is*applied, "The difference: ‘be- 
tween the two angles is the angle of bend which the’ specitien' withsto 
and is compared with the similar angle for . similar ‘test ‘Of a spec 
of the base metal. The width and length of the specimen may be any 
convenient values as far as the test itself is concerned. A width of 1.5 
inches and a length of 6 inches have béen found convenient for ordinary 
essés of material. »It is obvious: that ifthe test'is made!'with an 
ordinary testing: machine; the fibre stress cam be calculated by the'standard 
flexure formula for a simple beam supported at the ends and loaded at 
the center. 

Fatigue Tests—The fatigue test is of great importance in an investiga- 
tion of -welds, particularly those which are to be uséd in| {structures 
which rapidly varying stresses exist, such /as ship hulls, building structures 
and machinery. It has long been recognized that the usual static tests do 

‘not necessarily furnish information from which'the' ‘performance of a ma- 
terial under a long-continued variable stress. can--be predicted:*-It-is de- 
sirable to know the effect of any type of joint in a structural member on 
the fatigue strength of that member. ith a welded joint, the question 
becomes particularly important because of the introduction of more or 
less metal of'a different character. 

A fatigue test, like a bending test, is largely arbitrary, That i is to say, 
the result obtained is an abstract one which" has Significance: only when 
compared with other results obtained in exactly the same manner. In 
the case of the tests of welds, the final answer. is the ratio of the result of 
the test of a specimen containing the weld to that of a similar specimen of 
the base metal. Consequently; exact method of procedure employed 
may not-be as important as in the beriding test, for example, provided" the 
same..test i3 made on both weld specimens, and base-metal. specimens. 
However, lexperience.may.show that this ratio is not reliable; for example, 
over: a wide fange of thicknesses. of matefial, so that standardization of 
fatigue test maybe found to be necessary: te apart fact, that it 
would -be-desivable general grounds, 

Many methods have been proposed for materials warring 
stresses, and numberof have been developed commercially 
maki tests of the usual but the majotity| of 
these machines. develop: the” CYORS-sectional 

plane of the specimen. A welded joint is homogeneous structure. 

for it fot only of different,.materials, but in thecase'ofva “V" 

ret the area’ Of cross-section: of the filled-in metal varies throughout the 

because of the V-shape of the filled-in metal and the. irrégujarity of | 
of union, Between the! filled-in (miétal and the’ original; metal. It 
le therefore that the’ fatigie test emplo ed 


¥ machine i Condition exists was developed 
earch Sub-Committee of the Welding Committee.o the Emer- 
Corporation.“ Tt" was “described” by 


<= b. bas rr anogque bits sonst 
Fatigue’ Testing’ Ma Soc. for Testing Materials. 
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iliar shear ‘diagrams (for,.a. heam,,so. loaded, in..which 
a.and,b.is, uniform, and has the maximum. value of W.X.). If the beam 
has a,uniform. circular the fibre .stress in all sections 
ween. a and 


in whieh: is: outer ‘fibre in pounds per square inch, M = ‘bend- 


tance between loads and supports in inches, and d = diameter of beam in 
inches,, The beam: is in tension on the lower side and in compression on 
the upper side, Thus if a circular rod is turned from a. specimen cut from 
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Fe; 3.—Benpinc-Test Fixture at THe Bureau or STANDARDS, WasH- 
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Fic. 5—MAcHINE FoR SPECIMENS FROM WELDS IN %4-INCH MATERIAL. 
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a..weld, loaded in the manner indicated: above: withthe! joint:in.the middle 


and then rotated, ;the joint willbe subjected:to a maximum stress’ equal 
to! alternately: in. tension, and once per tevolutiony, 

Fig.:5.is.a photograph of,a machine for specimens! from welds in Yarinch 
material, and’ Fig. is. reproduced, from a drawing. ‘The: specimen: is car- 
ried iby four self-aligning; ball, bearings,.a, b,c and d. The two.end-bear- 
ings rest in the pillow blocks, e and f, the whole} being supported! on:a 
cast-iron base .5,:inches,. by, 19% inches. of thei:pillow »blocks: pro- 
vides, for longitudinal movement. of the bearing; due to the slight bending 
of, the specimen. .The two equal loads::are -hung: from! hooks: attached to 
collars which encircle the, outer faces of, 

The bearings are securely fastened at,ithe proper: position by means of 
two split. collets of carburized. steel;.with opposite | tapers, one: entering 
from each, side: ofthe, bearing. This: produces ia; wedge action w gives 
a uniform. pressure -over. the entire bearing surface on the ishaft; ‘and:|in- 
sures|.the validity.of the assumption.that: the; point of:application of the 
loading forces, is.at.the:center.of the: bearings... The inner: collet iscoun- 
terbored. as. shown, the:bearing surface om the/:specimen is: as 
short, as: possible... The, collets' are wedged, together» by a:nut on a thread 
on the inner collet, and are loosened ‘with: the aid wedge 
under the head of the inner-collet. wi By Seb 

The...; specimen., is:;;, rotated,.. through: Joose:! 
end) ).of. .-the. and... the... counted’. by a 
suitable counter /geared: to..a~ worm on! the other: end of! the--speci- 


men: ‘These ‘various. fittings are most conveniently put in position on — 


the. specimen at, a’ a;/bench;.,; The; spétimen ,with the fittings. in 
position is then dropped. into. position in the machine, the: weights hung on 
to the hooks: (with, spiral ‘springs; intervening),; and it is: readyito 
rotated. The blocks g and h are merely for the purpose:of. Preventing the 
weights, from, dropping. too far when thespecimen fails’, 
When. failure the specimen: will stop totating, because it. “hin 

and. the belt’ willveither. slip or be. thrown. off.,,However, the 
way: for securing, automatic. stopping. |is; to provide sa: simple switch: ar- 
rangement which will, be operated by. jone: the weights, when: iit - ‘drops. 
This will cuit off the:motor, 


This» particular., machine, | was ‘tor in 


,but:obviously a machine: could -be constructed) for.:speci- 
mens of any ordinary, diameter, A. machine could be constructed with.a 
longer base for specimens. from, 54-inch. to. 1-inch;} by providing 
bushings: of suitable sizes, and arranging, for changing): the ‘distance, be+ 
tween the supporting pillow, blocks, so that the: weight; ican be kept within 
réasonable: limits.,;/) 

The standard. fon: the machine: sdeseribed. Lis 13 inches long and 
0.4 inch in diameter: throughout its entire length, | This diameter is. about 
the-maximum that,can! be turned. out) of.a specimen: cut.cross, a:,weld, in 
¥-inch material which is rarely perfectly straight. Care is taken thatthe 
diameter the middle portion’ where theweld is located, is exact, and 


that. this of ‘the specimen; sis: fully, finished free from. tool. harks 


formance of a similar specimen of the: original metal..without a yee 


Consequently fatigue tests of welds. in.'2-inch-plate are compared 
tests made with the same apparatus and at, the same: stress.on specimens 
from the original! plate: When such. tests .were, made..with. specimens. of 
constant diameter throughout their length, failure always occurred. at 
of the load bearings! and. not between’ them, as is the case, with weld 
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specimens where the joint’ is usually the weakest ‘part of 'the specimen: 
It is: believed: that this is due to the sudden change in 'the stress distribu- 
tion, as shown in’ Fig: 4, at these ‘points, and: probably also to ‘the ‘radial 
compressive stress induced at ‘these points by’ the ‘loads. By reducing the 
diameter between these points and using long fillets, failure ‘will occur in 
thecentrab portion of the specimen and: the true‘ endurance value the 
metal will be: obtained: aw ne cedoold. wollte ott ap test agen 
-/The-objection might be made thatthe specimen’ is too small’ to give 
reliable information about what a weld of any’ considerable length would 
do, unless: a number of specimens were cut along’ the weld.” In ‘other 
words, the machine should: be such that it» would take a comparatively 
wide: specimen. The! answer is that the very fact that the small specimens 
require’ a) number of ‘tests to be made’ is an advantage,’ because definite 
oe of the uniformityof the strength: (or lack of it) along a ‘long 
weld. is very important) and obviously this would not be obtained with a 
single wide specimen,’ Furthermore; with ‘the much greater ‘speed: per- 
missible with a small machine and the’ larger! number ‘of: machines: w 

could be available, the equivalent im small’ specimens can be tested just 


as quickly as ‘the one large specimen. Of course; a large machine ‘em-' 


ploying the principle of ‘uniform’.stress»over the entire weld capable of 
taking a long specimen is a great value itv research! work and has: its place, 
but it tis questionable if such a machine would’ be’ suitable or practicable as 
a standardfor general: ‘use; A) machine of* this kind designed 
Professor H: Moore at the Bureau of’ Standards Washington, ‘D): 
‘It takes a‘flat specimen, 8 inches wide,’32 inches ‘long,'and of any thick- 
ness:up' to about ‘1 inch.: ‘The principle ofthe machine is exactly the same 
as that described above.’ The specimen ‘is, of course, stationary, and’ the 
load is ‘applied at the: two ‘loading’ points ‘alternately up and down by 
méans' of’ an electric motor: rent bas. 
Number of Specimens that Should be ‘Tested +A: property: which” is 
‘most important’ in weld is uniformity. therefore desirable to! sub- 
ject'a number of ‘specimens to each of the various’ mechanical tests.\ 
separate’sample or ‘test weld can be prepared ‘for each specimen, but in 
electric ‘arc-welding in particular this means greatly increased expense’ in 
metal, in making the welds and in machine wotk' involved ‘in preparing 
the’ test’ specirnens ‘because ‘of the necessity’for ‘cutting! away enough’ of 
the edges to eliminate the beginning and ending of the: weld; électric 


are ‘welding’ at’ least it'is more ‘economical to"make one large test’ weld, 


and cut it up ito the pieces from ‘which the ‘test: imens are machined. 
In’ gas’ welding’ a skilled workman: may ‘be ‘capable of ‘making a’ finished 
weld’‘right up to the ends of ‘the weld; in which case making each» test 
specimen separately might be more economical. But the method of: mak- 
ing ofie large weld has the further advantage that it more nearly ‘dupli- 
dates the usual practical conditions; that is; long joints with the attendant 
temperature effects’ as determined by adjacent, ‘relatively large masses" of 

> Not fess thar three specimens’ should be subjected to each of me- 
chanical tests: They: should be: cut from ‘the ‘test: weld) inosuch) a manner 
that one specimen for each test is cut from the middle and one near:each 
end, enough of the edges being first removed itoeliminate defecting weld- 


ing’ which exist at the beginning and‘end of a weld. 


Data in’ Tensile ‘Tests.—Blongation measurements’ on weld 
specimetis ‘are of limited’ value. The® ‘not’: homogeneous 
throughout ‘length, and untessthe' ductility of the: filled-in' metal’ of: the 
‘joi eine as’that ‘of ‘the base metal, the’result /obtained |is' a: com- 
of’ the’ ductility of the’ filled-in’»metal and: the: base-metal. »‘Such 
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measurements: have. some value, however, when :comparing). welds: of: 
same: class ‘with: the-same thorough investigation of:.a 
weld. of the deposited-metal; type, data ‘on. the ductility: of: the filled-in 


metal .itself::should be making tests of 
of filled-in: metal only.) ; 


tr 


Width and Gauge, in Testen~The ube! -of al 
constant width andi gauge:: length, ‘irrespective: of thickness; might: be 
questioned’ ‘on: the -ground: that: it; disregards! -proportidn- 
ality, which states that: the ratio’ of the gauge length: to the. square, root 
of'the area should be:a'constdnt.. | Investigations by. Professor Hi .F: 
Moore,’ ‘under ‘the! auspices» of the; Committee. or’ “ Methods of ‘Testing’, 
of the American Society for Testing Materials,* : showed. that; varying 
values of ‘this ratio) (within reasonable : limits). not, affect: the, -yield- 
point, elastic limit,:reduction area; or the’ tensile’ strength: ;speci- 
mens Of homogeneaus material), that there’ is.a, marked efféct.on the 
1 il f weld d; it h 
ar as,.elongation in ter sile tests.of welds are conce it has. 
already been stich “data are of fimited value. His. being 
the case, it does not appear that in ordinary tests of welds the additional 
complication involved in ‘following standard dimensions based on | Barba’s 
law ‘would'be justified!’ But) where: investigations. are being ;made' to de- 
termine ‘the’ éffect of ‘thickness on the weld, it may very well be advis- 
able to ‘follow this law: that ‘case: it would. -appear’ ‘desirable: to!) make 
the gauge’ length’ as short as’ possible, such ‘that the: ratio’ of 
filled-in metal’ to ‘the: ‘pate’ “metal within ‘the gauge: marks i ‘is constant. 


the width ‘should’ te ‘varied ‘to the’ constant tor! ‘various 


fi 


thickness. For if test welds were made in’ various thiidknesses 
of plate with ‘a’ ‘90-degree angle in each case, and a specimen’ inches 
wide ‘with ‘a 2-inch ‘gauge’ length were prepared ‘from the: 0.5-inch:ma- 
terial, the dimension ‘of the other as in the 


dbviously, the of ba se metal which be for reference 
tandard Value in Fatigue Tests—In the’ fatigue’ tor 
the Research. Committee of the Emetgency Fleet Corporation, standard 
in. tes ot specimens. pant e corresponding ‘base 
metal ning selection of this value was baSed on the following considera- 
tions. The which it is desired to test is the elastic property 
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under. ‘not ductility, ‘since ’in: practic®'a-ma- 
terial is never intentionally’ stressed above the elastic limit: «This! means, 
therefore;) that) the’ stress should be ‘below the elastic limit, because the 
relative: performance of materials fatigue: test owill probably: be! very 
different above the elastic limit where the property: ‘involved: is: ductility, 
than it will be below the! elastic limit where elasticity is: the property ‘in- 
volved, ‘On: the! other ‘hand,’ ‘the ‘higher the stress; the more quickly re- 
sults ‘will be obtained. As there is no reason’ to suppose ‘that: the relative 
behavior: of different ‘materials: will! not: be ‘the same:at low! stresses asi at 
high stresses (provided: itheyare below the: elastic limit), a istress.of 25,000 
pounds adopted! This ias'close: ito the: elastic: limit of ship-plate 
steel as it was thought advisable to:go.’ t5 

In ‘an extensive research: it hen ‘to deter- 
mine the: stress at ‘which failure occurs after a stated:number of reversals 

Cor repetitions) of stress by the application of Basquin’s. —— soe 


S= ret where = fiber, sttess,N number of repetitions of ‘stress at 


ure; K had are: deteomined. conatants,,; Tests. 
be made at 2 numberof different stresses below the, elastic limit and the 
results plotted on logarithmic ‘paper; According! :to. this, law,.the curve 
should be a straight one,'so that the stress which will cause failure at any 
particular’ number ‘of? repetitions: of» stress: is,readily determined. 

method gives amore: fundamental ‘basis of comparison. It per- 
mits direct comparison of the fatigue strength of different kinds of welds 
and: welds. in: different, materials, without reference to the fatigue, strength 
of the base metal. It is pobvious, however, that the various specimens 
must be very uniform if’ reliable information is to be obtained icra a 
reasonable: number. of. tests; alils 

Inspection and Tests of Welds in <Siractecan: ~The phase of the we 
ost which is in greatest need of, standardization. is that.of inspection 
testing of completed, welds in. commercial. applications. But progress to- 
wards this desirable end can hardly be expected before a satisfactory and 
commercially practicable method of determining the quality of.a weld 
in a structure is devised. Investigations of various suggested methods of 
testing completed welds were made by the Welding Committee/of the 
Emergency Fleet,,Corporation. These included X-ray examination, de- 
termination of the electrical resistance by a method somewhat similar to 
that employed ‘in testing rail-joints’in electric railways, hammering and 
chipping the weld and magnetic examination. None of these offered defi- 
nite promise of success at the termination of the committee’s activities. 
In certain limited fields of application, satisfactory tests may be devised, 
such, for example, as closed vessels which can be, subjected''to hydraulic 
pressure and simultaneous hammering after completion.'’ Possibly. also 
some method will be devised for remoying a test-specimen. which can be 
readily tested, the hole. small enough to be filled’ 

But at, the time’ only checks on the quality of the’ welder’s 
work in general app lications., which are available appear to be (a)*confi- 
dence. in. the welder’s pro and his integrity, and systematic in- 
spection during the progress of the work, Even here standardization’ may 
be Ys. we have (a)'a Standardiza- 
ont 

*O. H. “The tae of Am. 
for Testing Materials, vo vol. 
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tion’ test of proficiency: of welders’ or’ ‘perhaps several standards’ for’ dif- 
ferent ‘grades of ‘welders: and standardized procediire’ for the 
spection of various kinds of welds while being’ made.’ Standardization’ of 
this kind should have the added value’ Of ‘aiding in’ obtaining confi- 
dence''of those ‘authorities ‘whose ‘approval tecéssary ‘before ‘welding’ can’ 
be applied in'a‘number ‘of important fields“ Engineering,” Feb. 1921, 


“fd, 


M. 
A, study of contemporary, technical literature reveals the fact that.a, 


Vanya amount of attention is being paid to the subject of the marine. 
iesel engine; we. find, further, that those, learned societies which deal, 
with marine engineering and kindred; problems, ate receiving many papers. 
on the various phases of the same subject. On the other hand, a) study. 
of; the survey of mercantile shipbuilding in 1920, recently issued by, the 
Committee of Lioyd’s Register: (see “ Shipbuilding and, Shipping Record,” 
January, 27, page 104, et séq.). shows that out, of a total.of 618 vessels rep-. 
resenting 2,055,624 tons of shipping launched in the United. Kingdom ;dur- 
ing, 1920, only 25;vessels of 86,940 tons: were:to be propelled by, oil engines, 
as against 566 vessels, representing, 1,953,014 tons, to be. propelled by 
steam engines. That is to say, 95 per cent of the total tonnage launched 
was to be driven by steam against 4.2 per cent by motor engines. Of this. 
remarkably high percentage of steamers, 79. vessels with a total 
. Of 638,557 tons were to: be fitted with turbines, this being approximately 31, 
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per cent.of the, total tonnage launched during the year, although it is only, 
13 cone of the number of vessels launched. This apparent 
is. 


ue tothe fact.that,. generally, speaking, it.is the larger steamers which. 
are propelled by. turbines, all the vessels of 14,000 tons and above being. 
thus propelled, It, is, apparent, therefore, that the internal-combustion en-. 
gine is receiving a far larger amount of expert attention than is warranted. 
by the extent of. its actual adoption for merchant ship propulsion, and, 
while this is more or less understandable in view of the potentialities of 
the oil engine, it can. hardly be denied that the steam engine in its two dif- 
ferent forms is in danger of being neglected, and any possibilities of fur- 
ther development .are likely: to be jeopardized, reciprocating steam 
engine has, of course, more or less reached a state of finality, ough 
there are still certain directions in which improvements might be made 
even, with this. form, but the marine.steam turbine is still, comparatively 
speaking, in its infancy, and there are a large number of problems in con- 
nection with the design of the turbine itself, the necessary auxiliaries and 
the'speed reduction. gearing which demand a solution’ 
During the past year it has been noticeable that the reaction type of tur- 
bine is,again.coming into favor, This does not mean that the impulse 
type has-been; found, wanting, nor that we are reverting to the early type, 
of multi-stage reaction turbine.such as, was adopted in. the-first days of the 
application ‘of the. turbine, to, ship, propulsion, and in which the reaction 
principle was employed throughout the, whole expansion. of the.steam, But 
it appears-as though, with) one. or two notable exceptions, designers prefer 
to’ utilize reaction, blading, at the lower pressures employing a single 
impulse wheel at the high pressure end. The that accrue from 
the adoption of this arrangement are many, not the least of which lies, in 
the fact that a considerable fall of temperature occurs ‘at the impulse’ 
wheel, and, therefore, the range of temperature throughout the remainder 
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of, the casing, and,of the rotor) due. the) the steam :pres- 
sure, or in) the degree of, superheat, There, are, om the other; hand,,corre- 
sponding; disadvantages due ito the increase,in she number, of stages re- 
quired, and. to. the, finer clearances, demanded by. the: reaction. blading, as 
compared with those in the impulse: wheels, and; it :still, remains: an 
question whether the pure impulse turbine is superior to the combined 
impulse-reaction type. There is also ample scope for investigation and 
the of finding of the distor- 
tion and the erosion which occurs when highly superheated steam is em- 
ployed. The gain itt Pavayemigark follows the use of highly superheated 
steam is undoubted, but against this has to be set the more. rapid deteri- 
oration of the ‘engine’ itself, ‘and it is’ therefore’ éssential’ that some? simple 
be devised’ whereby ‘the ‘effects of high’ temperature steam 
moving’ with ‘High velocity ‘can’ be overcome if ‘we ate to ‘take’ full’ advan- 
aad the ‘higher ‘efficiency ‘which the usé of ‘superheated ‘steam’ rénders 
mechahical reduction, geating has''so far justified ‘the’ 
high opinions’ which’ were ‘expressed regarding it’in the early days' ofits 
adoption. ‘There are, tievertheléss, certain’ features in the design and’ ¢on- 
struction of geats ‘which are amenable to improvement. We have’ yet’ to 
understand why, it is that pitting of the wheel teeth’in the region’ of the 
rar line is found to occur after the first voyage, and while happily’ this 
foes’ riot as a rule grow worse subsequently,’ it introduces afi uncertainty 
into the problem which marine engineers would’ rather have eliminated. 
_ Again, the question of sitigle versus double reduction gearing ‘is one’ which 
calls for the closest invéstigation, and we have little ot no data as tothe 
behavior of gears transmitting large powers. The success which’ has 
been achieved on H. M: §. Hood, ‘where 140,000' Horsepower is develéped 
at four shafts, necessitating the employment of gears transmitting 35,000 
horsepower. each, is highly satisfactory, and indicates that the mechanical 
reduction gearing can be safely installed on the largest’and fastest’ vessels ; 
but the occasional records of failure, and’'the lack of consistency in the 
behavior of similar gears of the same’ size and’ make; all tend’to ‘prove 
that there are certain factors in the problem of the design’ of’ mechanical 
reduction gearing which are hot yet thoroughly understood. 
We have briefly hinted ‘at one two of ‘the outstanding probléms whith 
face the designer of the marine turbine and the designer of the speed re~ 
duction gearing, with the object’ of dissipating’ the‘ mistaken but’ prevalent 
idea ‘that the marine geared turbine’ has already become standardized. 
Standardization at all times is dangerous ‘since it tends'to’ produce’ stagnia- 
tion, and nothing is more harmful in any branch of ‘engineering than the 
absence of the desire to improve.’ The ‘steam turbine has shownitself to 
he a remarkably efficient form of prime mover for the proputsion of ships, 
pafticularly when used in conjunction with speed reduction gearing; but 
it is. still capable of considerable improvement. |The day very far 
tant when the internal-combustion’ engine “will displace’ the’ steam tur- 
bine, particwanly of large powers; but there are ‘still 
many problems in cotinection with the: péetation of ‘the*latter 
typeof engine which. require elucidation. ‘The ‘turbine is ‘still capable ‘of 
_considetably improved, ‘as'also is) the gearing, ‘and: it will only be by 
careful investigation and reséatch that the’ highest’ possible ‘degtee ‘of 'effi~ 


and_ reliability will be achieved:——“ Shipbuilding’ and® Shipping: 'Rec+ 
ord” March 3, 1921," be. 918 ett to dongoba st 
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THE INTERNAL-COMBUSTION ‘TURBINE: boc 
‘ThE tate Fishey Was one Of the saunchest Advocate’ ot the inter 
éiigine for the propulsion of naval vessels, and 
on More than One occasion that the problem of designing a satisfactory 

gine ‘for large Units was a metallurgical one. ‘It is. generally. rec 
the trie bat of development of ‘engines working on this lies 

| the production of the internal-combustion, turbine, and. it is here. far 
more than ‘in the ‘reciprocating gas or, oil engine that the metaffurgicz 
problem enters, The marine Diesel engine’ has been brought to a. consid- 
erable pitch of perfection, although designers do not fail to récognize that 
it still suffers from certain limitations,: notable among which is the ¢om- 


paratively small power that can be developed per cylinder. We need not 
enter here, into, the reasons why cylinders of larger diameter, cannot’ be 
employed, suffice it to say that they are mainly due to our inability ‘to 
produce a metal.which can withstand the effects of the high temperatures 
inseparable from, the efficient operation of the’ Diesel. cycle, so that here’ 
so. the problem to be met by designers, is tiainly a metallurgical one. 
rd Fisher was credited with having the oil turbine in mind when Te- 
ferring to,the ideal type of engine for. naval, vessels, and in view of his 
strenuous, advocacy, of the steam turbine in the early days of its develop 
ment; faith in the possibilities of the rotary internal-combustion 
gine. can, be well understood. His almost prophetic insight. is, however, 
more fap justified when one studies the details of the new “ Holzwarth” 
oil turbine, particulars of which have recently been published, for it is ap- 
parent that the design has been hampered to a very great degree ‘by’ the 
knowledge, that there is not as yet a metal which can successfully ‘with- 
stand for any considerable time the effect of high temperatures. “9 "°°" 
The, machine under notice is now undergoing ‘tests in the works ‘of the 
ANEDGAIETP: Thyssen. & Co,, at Mulheim, Germany, and ‘it is' claimed 
t it is the first, commercial oil turbine in the world. It develops 500 
b.h.p, ata running speed of 3,000 r.p.m., and while this particular’ unit has 


been built to drive an.electrical generator, it is understood ‘that an ‘exactly 


similar, machine .is)to, be built with the idéa of testing it on board’a ship: 


The principle adopted for the.cycle of operations follows closéfy ‘along the 
lines which.,haye been. utilized by earlier experimenters, the ‘nécéssa 
compression being obtained by a separate machine which in’ this’ instati 
is,driven by, a small steam turbine, the steam being obtained from @ boilé: 
heated by, the exhaust, gases, from the compressor is led ‘inito 
bustion chamber.,forming an integral part of the tutbine, into which 
oil, vapor.,is., forced, the burnt gases passing thr a Series of ‘nozzles; 
and impinging at high velocity on to the blades affixed to the rotor. The 
most notable difference between this particular machine and the majority 
of those which have preceded it lies in the greatly reduced compress 
pressure that is employed, this being-so low that the temperature gen- 
erated is not sufficient to cause ignition of the fuel at the point of injec- 


tion anql ia consequence an: electric spark has/to;be employed: ‘This means 


‘that not only is there the extra complication and expenditure involved in 


ne more easily. vaporized oils such as petrol and paraffin. 3 
even importance above 'is'the fact that! by’ the 
limitation” of the ‘thermal ‘efficiency of the’ engine 
sly ‘affected.’ It can be readily demonstrated that the therinad 
ciency ‘of heat éngine ‘depends’ upon the ratio of' compression; and: 
is one’ Of the features’ of ‘the Diesel engine: that by’ employing 
high. ratio. of, compression: a’ high, eficiency, phtained 
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- vantage of atitomatic ignition! of the ‘fuel/ati the moment of admission fol- 
lows as a result of the high compression, Undoubtedly the necessity: of 
keeping, the temperature throughout the cycle within manageable limits, is 
responsible for the low compression that is employed in this turbine, and 
when it is stated that the explosion pressure is only about 205 pounds 
per. ak ag it will be realized how great is the sacrifice of efficiency in- 
volved’ The designers recognize this, for they attempt to improve. the — 
oe orm of the turbine by utilizing the exhaust to generate steam for 
driving the compressor, which while it may be advantageous from the 
point of view of fuel consumption, must add to the weight of the entire 
machinery and to the space it occupies, two serious disadvantages from 
the point of view of the adaptability of this form of oil turbine for ma- 
ine, work. The results achieved, however, at this low compression pres- 
sure must be considered highly successful. It is claimed that the turbine 
blades operate very satisfactorily at the temperaturés to which’ they are 
subjected, and it is well known that the construction of the blades has 
hitherto been one of the most difficult problems in the design of internal- 
Feige turbines. These blades are made of electric steel. specially 
At must be admitted that hopeful as the ‘prospects of this particular de- 
sign appear, we are still yery far from having solved the problem of the 
oil turbine. In the first place what is wanted is an engine which will run 
on heavy residual oil as does the marine Diesel engine at the present time; 
moreover. the compression must be sufficiently high to ensure a thermal 
efficiency as high if not higher than that obtained in existing types of oil 
engines, To this end the compression must be considerably greater than 
that employed in the turbine under discussion, in fact, high enough to’ en- 
sure automatic ignition on injection; although possibly the adoption of a 
device, similar to that employed, in. the semi-Diesel engine might be 
adopted-in order to limit the compression pressure if this is found to’ be 
absolutely unavoidable, Further, the idea of installing an entirely sep- 
arate air compressor appears to us to be unsound, and failing some ar- 
rangement equivalent to the return stroke of the piston it is essential that 
He compsenany should form an integral part of the turbine, delivering its 
charge. direct to the combustion chamber. In conclusion, if higher pres- 
sures are employed, it follows that the material of the blades and, to a 
less extent, the whole of the parts subjécted to contact with the products 
of, combustion, must be of such a nature that it can withstand for long 
periods the erosive action of the gases, This indeed is the crux of the 
whole, problem, and when the requisite material is forthcoming the: main 
obstacle in the path of progress towards the oe of the marine oil turbine 
will have been surmounted.—‘ Shipbuilding and Shipping Record,” Feb. 24, 
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| AMERICAN DESTROYER HITS MINE/IN ‘THE BALTIC. 
peace has its naval difficulties as well as, war. is typified by the ac- 
cident. to the S,Kane, on October 1, 1920, when tts 
hit) a floating mine in the Baltic just outside the Gulf of Riga. ‘The 
4  Kang..was| well. clear of the mine fields, and no_ difficulties with 
mines were. expected,,.although an extremely, careful watch was kept, a8 
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is customary these: waters: Fortunately; ithete were no casualties to the 
personnel; although the violence ofthe explosion caused ‘misior injuries to 
three: of: the crew, as they were hurled} against: bulkheads and:stanchions. 

The remarkable part of the: damage’ td.the: Kame is. that most:of the 
force of the explosion took effect at and above the waterline. To attempt 
to follow out the relations of, cause, and.effect in a mine explosion is a 
good deal like deciphering Egyptian hieroglyphics. In this connection, 
attention is, particularly invited .to,,the damage to the, 4-inch, gun. mount. 


mort 1399 
PRINCIPAL; DIMENSIONS OF "THE WESSEL! 


The Kane is 314 feet long overall, with 176 frames spaced 21 inches 
apart. Her beam is 39 feet 101% inches; draft, 9 feet 4 inches. and her full 
load displacement, 1,300 tons, mod 
explosion’ cecurred off ‘the port quarter: There: is, strong: cireum- 
stantial evidence ‘that ‘one of the port! propeller blades struck:a mine: float- 
ing just below the surface, as the leading edge of the blade was crushed 
to a depth of from % to % inch, for a. distance of 14’to 18 inches. 

The after end of the ship was apparently bent bodily to starboard, 
bending showing upthroughout the girth of-the ship from, frames 141 to 


143,/7,¢., about 65 feet from the: stern},of the. vessel. This. bending, in- 


cluded, to a greater or ‘less degree, both’ line of, shafting, particularly the 
port shafting, as the port engine could; be turned over only with; much 
chattering of the gears and heavy vibration of the ship..The starboard 
engine could turned: over up’ to one, hundred revolutions. per minute, 
but this caused. considetable chattering) of the gears and very. marked 
vibration of the ship... This, springing of, the. shafts occurred in the. tail 
shafts; the ‘port stern: shaft (the section of the shaft just forward of 
_ The bearings and couplings connecting the engine shaft and stern shaft 
were not damaged. The steering gear and rudder were first thought to 
be badly damaged, but afterwards found to function reasonably satisfac- 
torily... The, main, and. auxiliary machinery, were not, damaged to any ap- 
main deck starboard. stringer, was. buckled to a depth of four 
inches between. frames, 141 and 142; the stringer, angle was broken be- 
tween ‘frames: 141 and..142;; the buckling was carried across the deck be- 
tween: frames 142 and, 143; the main deck.stringer plate, on the port side, 
was buckled at frame’ 142, the depth of the buckle. on the port side was 
about 24%! inches; ‘The starboard stringer plate was, torn for about 2 
inches at the outboard edge and one rivet was gone. This was the only 
tear in the plating. . 

The starboard side plating was buckled at the top strake between 
frames ,141.and, 142, running. diagonally aft to 143on; the waterline, The 
frames, brackets,:and bounding bars. were buckled and, bent inboard of 
the buckled plating from the main deck to the One air’ 
port lens, was broken and its frame distorted, The deck plating adjoining — 
the port: stringer plate; had,hair. cracks in it; otherwise there were no 
eracks.or holes.in any of the deck plating, 

The, vida. lating on the port side bad a buckle about 114 inches deep in 
the, top; strake,.of the, plating between. frames 142 and 143; the two top 
precision yet from frame, 165 to 172, the third strake of 


i 

4 - 
: 
4 
3 
‘ 
{ 

; 

x 


334 NOTES. 


plating from the top >was slightly buckled. | The: stringer plate: on ‘top 'was 
bent and ‘buckled ‘slightly; from fraines 165 ‘This’ buckling 
tween frames 141 and 143 occurred inthe decks and steel structure inside 
of the’ port’ gone and ‘two 
forward sections were damaged. The second from the 
main deck was slightly. buckled over the port. strut... 


bris i TH... tines 
Compartment D-204 on n the ‘frst buckled. ¢ the way 
across just forward of frame 142, to.a depth of. about, 3. inches. se 

‘airing’ a small leak: on: the): between 
frames 141 and 142 directly’ under the’ shaft: The “bulkhead between 
D-107-M ‘and D-108-M buckled between frames)141 and, 142... Compart- 
ment’ D-107-M sprung a leak between frames 141 and! 142, directly! under 
the shaft as’ well as inthe gafboard strake°on the starboard side. between, 
frames’ 141 ahd 142; strake was buckled ‘slightly depth of from, 
1 to 2 inches. Compartment D-109-M had its! side| plating badly buckled 
between frames’ 143 anid 144;’a smallhole* was ‘torn in the side. plating 
abreast ‘of the shafting between ‘frames 148) and: 1443; the longitudinal ,was 
This leak was stopped means of a life-preserver wedged in, 


ert! > Das evciiesd : 


2 
.pay ribs ad 
and D-106 hall ‘the ‘beatings sprung on both 
port and starboard sides and were leaking badly at first, the’ leaks were 
stopped by setting up on the glands. Compartment D-110 had slight leaks | 
ia the seams abreast the port shafts! at frames 146 and 147, The plating 
¢ port side of compartment D-111 was buckled from frames 159 to 

164. The stanchion in ‘this compartment! was'driven down slightly, ‘al- 
though it was ‘not ‘buckled,’ The’ web ' plating,! brackets; and longitudinal 
were from frames’ 158 to 164-on ‘the ‘port! sides. starboard: side 
was he, middle Tine” frames 162\‘and’ 163, dnd: the web: brackets 
buckled. ‘on the port side. The peak tank, bulkhead 16 was buckled and 
leaked slightly. at. the ‘top ‘of the Wettical keel: was — 


plating buckled. The knee to! th ay ‘detk were btickled 

and particularly at frames i 169, 170 and 171°on the 

port, side. diagonal stanchion brate on the port side at ‘frame ‘168 

was driven through the main deck, the: stanchion at frathée'170'on the 

side dropped, out. The galvan tack fot ojl cahs‘on’the port’ ‘side 
this, compartment, was ‘number of scattered’ rivets! in 


idina urteen’ in “all) ‘sheared: 
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The peak. tank, on’ the | port,side,: plating, frames: and partial bulkheads 
were, all. slightly .buckled.or bent: from (164 to’ 175.) A ‘of 
leaky, seams.,were| found 

One life line stanchion and life} lines the: port side: aft: were ‘blown 
away... The flagstaff; ; steering .room:-ventilator one: S0:gallon 
drum, full ,of gasoline’ were’ Bowe 

To SUN: Mount. 


4, 51 caliber. gun not injured, The pe was 
spread apart about threetquarters of an:inch).at the extreme: end: of the 
teynsions, this, left the gun. resting on the lower cap squares of the car- 
riage, The. upper cap was,not injured, but the left! one! was»raised and 
splits thereby. stripping the holding down bolts: which secured; both squares. 

he roller path of the training gear was damaged to such an‘extent that 
the gun, could not -be trained through more than six degrees. This’ was 
caused by, the gun. carriage and. slide being driven .aft, while the. inside 
mount remained,.stationary., This, caused ithe after: guide lug with its 
holding. down. bolts, tobe; broken off, firing cireuit of the gun: lead- 
ing from the transfer switch. to) the firing’ key, then’ to the: pin, then: to the 
bolts and screws holding the firing circuit was torn: 

The tompion was in plagecwhen!the explosion oveurred, which h compli 

utd 

Both: port propelter: ‘were: broken|: the one at 
tthe énd and cracked on the inbostd: end»: The: 
propeller Strut: was(brokenss 900% 

Both taik-shafts wereosprong: end? the shaft was bent 
tically the complete girth of the'ship’except ithe keel:was buckled'at about 
frame 142. ‘The: ‘stern was: bent! inch» to’ starboard, at 
«>The was not: ft 

Every-eftort :wasmade bythe officers:and men nto ‘Kone! 
the scene of the explosion: to ‘Copenhagen’ in ‘the most’ satisfactory condi- 
tion practicable... The vessel!'was towed to. Libau and from’ Libau to 
Copenhagen’ by: the United Statessdestroyer Brooks. There was: consider- 
ablei working of the stern of the Kane‘ during this voyage, which was re- 
lieved to some ‘extent, by’ fore»andaft:shoring ‘across the buckled portion 
of the ship. On October:?;' the Kane 'was docked:at Landskrona, Sweden, 


‘of surrendered, | submarines, shas. ‘indicated 

of these. vessels were.of. standard, sizes. A; 10-cylinder 
3,000. horsepower engine was, built for. installation large cruiser, sub- 
marines... A; number .of ; these engines, were, found: 4 the. shops; ready for 
installation, at, the time. of, the signing of the armistice, but only one, pair 
was installed in a boat, the U-142, which performed no active war; ‘service. 
Six-cylinder 1,750-horsepower engines, similar in cylinder dimensions to 
the 3,000-horsepower engine, were installed in the U-135, 136, 139, 140 
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and A large number of 1,200-horsepower six-cylinder engines were 
installed in/ operating submarines andi gave excellent. service’ throughout 
the war. A fourth size, of 530 horsepower; ‘six’ ‘eylinders,; found’ in 
late) types, of | mine-laying » and: coastal boats, 
‘The clutching» device for connecting the and: motor whhfts: is ‘of 
special interest in view of the history of such devices in general and ‘has 
“led to numerous inquiries as to its construction. The same type of clutch 
was installed with each size of engine., 

The clutch is of the double-cone friction: type, of semi-steel and cast 
iron, operated by air except! inthe’ 530-horsepower size, whieh i is ‘operated 
by hand through worm and gear.': 

The ‘outer casing or female ‘member, which serves’ as the flywheel, is 
ried ion ithe engine shaft. casing; ‘as shown in Fig.'1, is made in two, 
parts bolted’ together ‘with’ the inner ‘surfaces to’ ‘cone’ surfaces, 
the: cones base ‘to: base.) 

The: male’ partis attached to shaft: by three’ key anda re- 
taining nut, ‘carrying a flange’ or spider in which aré' fix t large 
guide pins parallel to the shaft axis°and extending through’ the spider on 
either: side as shown’ ‘in “Fig. woo inner ‘clutch cones are ‘carried on 
these’ guide pins, on which they have’a sliding fit. They are’ semi-steel and 
their outer or peripheral: surfaces ‘are ‘finished’ tos ¢onform to the innet 
conical surfaces of the female or’ flywheel: part, 

In Fig. 2 are detail sketches of*the spider and: ier Fig: 3: ive details of 
the two, male cones carried by the spider. These cones are alike except 
that stops are cast on the after cone (the cone nearer the motor) to limit 
the travel of the operating collar, as shown at X in Fig. 3. 
The. machined. surfaces of the inner) cones, Fig: 3, have ‘oil: grooves 
which insure. that’ wheh;unclutched or disengaged a complete: film: of oil 
will fill the clearances. between the cone surfaces.’ ‘The gradual sqtieezing 
out of the. cil: filmi as: the surfaces: are Giables' the clutch 
to be thrown: in when the engine is-running:: 

The. clutch is thrown:in by) forcing’ the: inner cones: 
and female cone surfaces engage; and by drawing the cones together: and 
thus releasing the surfaces the clutch) is:thrown::out,' Thé inner cones 
are drawn together or forced apart series of: links: and actu 
ated by a sleeve (A in Fig: 1): sliding on the motor shaft. 

Referring to the: lower ‘half of Fig. 1,,the-center! x is. fixed: to 

the forward:cone and center z to the! after cone. The clutch: is engaged 
by separating centers, x :and.z by forcing center:y down to a lite joining 
centers and An adjusting camjaround»center x: 
_ for wear in cones and bushings of the operating gear. Ar 

It will be noted. that:the forward. link member B: atid: 

(Fig. 1) is a steel leaf spring and that a further downward movement of 
center y against the stop » tends to. decompress the spring slightly and to 
lock the mechanism. This spring is an important element in the mechan- 
ism, It is of chrome-yanadium steel with a tensile strength (annealed) of 
80,000 pounds per ‘square inch and’ an elastic limit of 50,000’ pounds: per 
square inch (annealed). It is heat-treated and quenched in oil. ‘ 

“There are four of these sets of operatitig'links equally spaced and placed 

berweer pairs of pins in the blank spaces of the spider, Fig. 2.” 
‘Fig. 4 shows the clutch in diagram ‘for the 1,200 and 
sizes, noting the’ principal dimensions, as’ also "does ‘the following table. 


‘Ne’ data for the and are now 
available! waa 
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Tevolving. ‘angle, surface, diam, 


engine part, ing. deg. max.) squ ins ‘odin. 

Upersting gear of the clitch with the 1,200-horsepower engine 
consists: of ‘a: double-acting ‘air cylinder mounted on ‘the ‘floor just inboard 
of the clutch and connected: to the ship’s air fine under pounds Ptes- 
sure; The ‘piston of the air cylinder’ drives’ a crosshead ‘to’ which’ is ‘at- 
tached:a lever, ‘the other end°of ‘which. is ‘keyed ‘to a shaft supported by a 
fixed bracket above the clutch. The shaft’ leads over the ‘clutch aiid ‘drives 
a lever ‘leading! downward ‘and ending’ in‘a fork end or yoke attached toa 
ring around the sliding collar which operates the ‘clutch. 

- Assuming’ that the pressure of the’ air cylinder ‘builds up to 100 etiahds 
per ‘square inch before’ the operation ‘of ‘clutching. is complete and that 
maximum normal thrust in the cones #8 obtained when ceater y is 1 degree 
the line of centers and’ 2 (Fig. 1), the data’ ate fous: 


Area of operating cylinder = = 18.665 square inches) 
Force on crosshead == 100 18,665 == 1866.5 pounds. 
Force on operating collar through levers = 3732 pounds.., 
Resolved force at.center.y normal to line of. =.19252 
oowhich produces.an axial thrust on’ cone of 1925.2/ tan 
gree == 110,012 pounds... 
Normal. thrust = 110,012 sin :14, degrees = =. 26,621:9 pounds. 
Total normal thrust per cone= 26,6219 == 106,448 
Friction areaof each: cone = 882 square 
Unit pressure. = 106,448/382/ = ane 
BA.p,.of engine — 1200; “of engine, ==: 450. - 
= coefficient of; fluctuation of turning: moment = for 
engine...» 
maximum. turning. moment of engine in inch-pounds = 


pounds. Assuming now ‘that: bs nisi te 

N ‘= total normal pressure on cones; meani radius. 
== coefficient of friction; M /fr; M/Nr 


268,800 
then f = = (coefficient friction. r on icon, 


freely lubricated). Extract Mechanical aging” As 
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> 
» ONE-PIECE: GUN CONSTRUCT ION. 


ip a paper, recently. read. before the. American, ‘Institute an 

Metallurgy, Professor W,.Bridgman, of .Harvard, wh 
his experiments on, water and, other, bodies under,extremely, ih pressures, 
described. an experiment in;one-piece gun, construction. carried ,qut under 
his direction by the Naval Authorities of, the ;United SHEP gun in 
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question had an internal diameter of 3 inches; it was 23 calibers in length, 
and. was made from a single forging. Were the mathematical theory of 
“elasticity directly applicable to gun stresses such a single piece gun 
should be very much weaker than a built-up or wire wound gun, but as 
is ‘well knowm the elastic limit: of a-material frequently’ constitutes’ in 
Practice but avery indifferent criterion of strength. By giving a cylinder 
an initial stretch before employing jit in service: its strength can be -very 
greatly increased. This has long been known, and Professor Bridgman 
notes that the Austrians, so far back as the eighteenth century, attempted 
to increase the practical strength of their. guns by, forcing an expanding 
steel mandrel through. the bore. Inthe, United States Navy experiments, 
the stretching was effected by hydraulic pressure, the arrangement being as 
illustrated diagrammatically in. Fig..1., Here gun is. represented at G. 
The. length of the bore,under treatment is plugged by packing, the con- 
struction of which resembles. that illustrated in’ Fig. 2, which will be-de- 
scribed later on. .A.small hand.pump H was. used. for filling the gun and 
raising the pressure up about 20,000:pounds per square inch, and this. pres- 
sure was subsequently raised:to over 90,000 pounds per square .inch 
means of an augmenter consisting of a cylinder C and a plunger P placed 
between the platens of a large testing machine. The fluid-used for trans- 
mitting the pressure was kerosene. Other fluids are liable to give trouble 
by solidifying under extreme pressures; The intensity of the pressure was 
measured by the change in the resistance of a coil of manganese wire im- 
mersed in the = 4 5. 
« The iplunger=P .of the augmenter was of glass hard tool steel, and the 
joint between“it and the cylinder C'was made tight by the packing illus- 
trated in Fig. 2. This packing, it will be seen, consists of a plug K with a 
stem of smaller diameter= Around 'the stem are placed the packing rings. 
Of these those lettered-A are of ‘soft steel; whilst B'and B denote rings of 
solder and C a ring ofordinary soft rubber, whilst 'D is 'a’ring of hardened 
steel. The end of the stem of the plug K is cut off so as to leave ‘a‘clear 
space between it and the end of the plunger P, thus providing: for the 
compression of the packing’ as the ‘pressure rises. packing is, it is 
‘stated, tight under extreme pressures, but ‘its friction is considerable. “Dur- 
ing the process of applying hydraulic pressure the increase in’ the outer 
diameter: of the was ‘measured at intervals: and these: strains! were then 
plotted against the corresponding pressure as indicated in Fig..3. On a 
first: application of the pressure thére was,-as will be seen, no propor- 
tionality between stress and strain, but after repeated applications approx- 
imate proportionality is attained as will be seen from Fig, 4;, Here the 
points observed during the release of the pressure lie approximately ‘on a 
The deviations from the straight line law are attributed to initial 
stresses in the forging which can only be eliminated by repeated applica- 
tions of high pressures. After this hydraulic treatment the gun was fin- 
ished and tested with proof charges, the results being highly satisfactory. 
Nine rounds were fired with charges developing a pressure of 21.8 tons, per 
square inch, the service pressure being 13. tons per square inch. As already 
mentioned, the process is not new, and in our issue of March 12, 1915, 
page 306, Professor John Perry described a very similar series of experi- 
ments made under his direction first at Elswick and later elsewhere. Here, 
as in Professor Bridgman’s experiments, the cylinder under treatment had 
a bore of 3 inches. Its external diameter was 10 inches and it was sub- 
jected to gradually’ increasitig ‘hydraulic’ pressures up to 40 tons’ per 
square inch and withstood subsequently the firing of a charge inside it de- 
veloping a pressure of 52 tons per square inch, © 
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During the hydraulic treatment the cylinder was heated by gas jets to 
such a temperature as to prevent the metal hardening under plastic flow. 
Moreover, Professor Perry gave a theory of the resistance of such cylin- 
ders by which he claims that it is possible to calculate beforehand their 
strength under-internal pressure. For this we must refer our readers to 
his article, but the interesting point comes out that according to his theory 
its tensile stress is highest at the’ exterior surface of the cylinder. On the 
ordinary elastic theory the tensile stress is highest at the internal surface, 
but as a matter of fact thick cylinders under pressure never do fail var the 
inner surface but at the outer.—“ May 28, 1920. 


CHARACTERISTICS OF THE GERMAN LONG RANGE GUN. 


The German long range guns.used in bombarding Paris were con- 
structed from worn out 15-inch, 45-caliber guns, mounted on concrete 
emplacements. The converted guns were of two parts; the main ‘section 
was 98.5 feet long, and the forward section 19.7 feet. The 15-inch gun 
was bored out, and a heavy uniformily-rifled tube 8.26 inches: in: diameter 
inserted, 42.3 feet of this tube projecting beyond the muzzle of the gun. 
Over this projecting portion.a: hoop was shrunk. The muzzle section, 23.6 
feet:in length was screwed*to the end of this hoop tube. This forward 
tube was unrifled and was probably added to impart additional lineal \ve- 
locity and better align the axis of the projectile with that of the bore of 
the gun, The reliners used in this gun were of such a’thickness that when 
’ -worn out they could be rebored to 9.3 inches, and:then to 9.93 inches. Up 
to the time the firing on Paris ceased, at teast-one of the seven guns- beans 
structed had been rebdred and was firing 9. 2 of projectiles. 

A comparison of the general characteristics of this gun wis our ‘Weineh 
naval gun, model 1920, is 

Source of information ‘Ordnance Department. 


COMPARISON OF GERMAN LONG RANGE GUN AND AMERICAN 14-INCH NAVY GUN. 


German American 
8.26-inch 14-inch Navy 
Range, yards tin 
Length, feet 
Weight, pounds 
Muzzle Velocity, feet per second, 
Elevation degrees: (maximum). :........... 
Chamber Pressure; ‘pounds Sq. | in. 
Length of Projectile,’ feet 
Accuracy Life, rounds). 
Weight of Projectile, pounds. 


—“The Military Engineer,” March-April, 1921. 
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MODEL EXPERIMENTS IN CONNECTION WITH SUBMARINE 
: WARFARE,* 


the far’ years 1915-18 avery’ large of 
work of vital importance to the nation was conducted at’ the Tank. This 
work can be divided into five different sectionis—mineé ‘design and ‘sweeping, 
torpedo firing, seaplane’ design, tests of ‘standard ship forms, and subma- 
rine catching. “A very brief account of thé’ work under these different 
headings is given in the Tank Report for the year 1919, and by ‘permis- 
sion of the Lords Commissioners of the Admiralty ‘a detailed account of 
one section of the work is now placed on record. ° This section deals with 
the efforts made to cope’ with the’ submarine menace by’ means of nets 
hung in such channels-as were used by the enemy ‘submarines. These nets 
were of two kinds, one intended merély to ‘indicate the presence of sub- 
marines, and the other to prevent a submarine from passing the net. 


| 


INDICATOR NETS. 


2. The problett to the Tank by the 
mittee in connection with these nets was the design of a satisfactory float. 
The -nets were light in construction, hung in’ strong steel wire frames, and 
intended to be ripped from the frame by'& passing submarine. Attached 
to the net was a float to indicate the movement of the submarine which 
might be 50 feet to 100 feet below the surface. These floats, which had 
been tried mere generally unsatisfactory, either because of their insta- 
bility, or their high resistance in any sea, which caused them to break the 
tow line. In April, 1915, tests were commenced in the Tank. The float 
was required to be as small as possible, make sufficient disturbance when 
towed to render its movement visible, to be directionally stable’ when towed 
from a. submerged point up to at least 10, knots’ speed, and © ‘to carry a 
weight of 23 pounds when at rest. — 

A number of floats were tested, all of full ‘size, some being supplied by 
the Admiralty and five designed and made at the Tank. The floats were 
towed down the waterway, from the. lower end of a strut which projected 
well below the water surface. As the tow’ wire in the experiments’ was 
very short compared with that used at sea, its resistance was augmented 
by. looping . on five lengths of wire rope~at, various points on the ‘tow line. 
These tests served to show what was required, and the final Tank form 
was given’ a spoon bow and V-shaped transom. All the buoyancy was 
placed. forward, and the after end was left open and so arranged ‘that it 
would take all the necessary mechanism, The placing of the’ weight well 
aft and the V-shaped stern gave it the necessary stability ‘at all speeds. 

$3. These tests were followed by trials at sea, made on May. 17 and 28, 
June 11, and July 2, 1915.. The floats. were towed from a “kite” 70 feet 
below the surface, the kite itself being towed by a destroyer. These 
showed that in fine weather a toboggan float (i.¢., one with a flat bottom 
intended to plane on the water) with a rear fin, could be made quite stable, 
but gave little or no splash. In rough water they were liable in short 
seas to receive a blow square to the flat bottom’ and part: the towing wire— 
all the floats of this type tested, behaved in this way. The Tank form 
towed well in both rough and smooth water at all ati “i to 14 knots, 
and and Bays, a good splash at all moderate speeds. 


paper’ Yead ‘before’ the Ynstitation dt! Naval’ March’ 24) 1920, 
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§ 4. The object of the experiments was to study the behavior of a de- 
fence net when attacked by a submarine, to determine the best method of 
supporting such a net and of holding the ends of the supporting jackstay, 
so that .the submarine. should be.stopped without serious damage to the 
net. The experiments also served to show the most likely means by 
which any such. defence net may, be pierced and the subsequent motion of 
the submarine after impact, The experiments were made during April, 
May and June, 1916, to the order of the Booms Trial Committee. 

§ 5..General Considerations —The advance of a submarine in any di- 
rection may be arrested; by: a/net in one of. three, ways :— 

(1) By retarding its movement, without slewing it... nage 

(2), By deliberately, converting. its. translatory motion into. rotary. mo- 
downwards. or sideways, 
Pal y. loading the submarine with such weights that it must go to the 

ttom. 

These experiments deal only with methods (1) and (2). 

Any of these ends has to be obtained means which give security 
against the attack of such craft on the surface, and the means provided 
must withstand the thrust of the tide and heavy weather. 

The nets must be supported on floats, and to withstand the tidal thrust 
and surface attacks these floats must also be connected by strong wires 
or jackstays, secured at or loaded at their ends. To keep the nets from 
being swept to the surface they should be slightly loaded. If the subma- 
rine is to be brought to the surface, the net must be strongly secured to 
the jackstays. If it is to be thrown to the bottom, it must be secured to 
the jackstay, preferably by parting strips, and strongly anchored at sev- 
eral points alorig its length. With a loose bottom and very deep water 
with not much tidal movement, the latter method would result in the sub- 
marine meeting the bottom with heavy trim by the bow, and it would 
probably remain embedded in the bottom, This method of defense is 
dealt with in § 21. For shallow channels, method (1) is the only prac- 
ticable one. For deeper and more important waterways the net must. be 
able to work by either method (1) or (2), according to how it is attacked, 
In both these cases the retarding force is brought to bear upon the sub- 
marine, through the net—by its weight and the force in the wires. This 
force in the wires is, transmitted to the jackstays and is balanced by the 
force at their ends and the water resistance of the floats, The nét experi- 
ments, therefore, were arranged to determine the strength required in the. 
net wires, when the net was attacked in various ways, and the effect of 
holding the jackstays in a rigid, semi-rigid or entity free manner, © 

§ 6. For the sake of low resistance the nets are of large mesh, So far 
as weight is concerned there is little to choose between a mesh with verti- 
cal and horizontal sides, and one with its diagonals vertical and horizontal. 
With the former net, the stem of the submarine must always meet one 
or two horizontal wires which will “belly out” under the impact and be 
supported mainly by the vertical wires to the jackstay. The number of 
vertical wires taking the load will depend upon the depth at which the net 
is attacked, but will be at least two. With the diagonal mesh, unless the 
length of the, diagonal of the mesh is made less than the average depth 
of the stem of-a submarine (which means a smaller mesh than in the 
other), there is some chance of the stem entering the mesh. This con- 
tingency must, however, be allowed for in any case, as it is a compara- 
tively simple matter to arrange the submarine stem so that it will open 
out the mesh and evade the wires. In both cases, therefore, there is a 


i 
. 
. 
| 


t 
4 
1 
) 
) 
J 


strong chance of the submarine being held in the mesh and ot by:an in- 
dividual: wire... ‘The: horizontal wires, however, have a slight a antage 
over the diagonals in the fact that they are more likely to catch’ deck fit- 
tings; periscope, ‘housings, etc., than the diagonals;\as*the apex of: the 
diagonal may be subjected’ tovan upward ‘or lifting force’ sufficient ‘to ' keep 
it clear of these things at the center. Both types of net have to cope with 

any horizontal: cutters fitted on the fore side of the bow planes, With 
rsd horizontal and vertical mesh, the horizontal wires struck by the sub- 
marine »(or one ‘of the verticals:on ‘either side of it) must be broken be- 
fore these cutters can act on the net;‘and with this’ broken wire the net wilt 
not hold the: submarine: again until it has’ passed the cutters. If the at- 
tacking vessel has’a stem fitting, to ensure the stem’ entering the mesh, the 
stem -will enter to the same extent in each case before the horizontal ‘cut~ 
ters are strained against the wires, but the vertical wire is strained through 
a bigger’angle over the cutter and is therefore more liable to part.’ There 
is, however, less strain on the clips with the vertical wires} and on the 
whole there appears to be little to choose between the two types of mesh, 
and only the vertical and horizontal mesh—which opens to be: more eo 


The: in: which the experiments were is 30 feet 
across, 12.5: feet deep and: 550: feet ‘in length. A ‘defence net was hung 
across this waterway and a model of a:submarine was allowed to impinge 
upon it. in» various ways at: different depths and: at various ‘speeds. »: 

cording to what feature it was required ‘to test, the net, floats, jackstay or 
holding arrangement of Jjackstay were varied. ‘The model used in the ex- 
periments represented in its mode’ of): propulsion, ‘stability and its 
rolling (transverse and: longitudinal) ‘a modified ““E” Class: submarine. 
It hada displacement: of 418 pounds and» 12.5 :feet:in length; repre- 
senting, on a: scale of one-eighteenth full size, a vessel of: 


On the sathe scale the nets. used hada § an of either 432 feet or 450 
feet, a depth of 120 feet or hs a mesh either 12 feet square or 15 feet, 
horizontal and 12 feet vertical. 

In each experiment the steady speed of the millet, the load on the jack- 
stay, the rate at which the jackstay paid out, the damage 4 the net, and 
the behavior of the model were noted. The total number of ex rimental 
runs made against the nets is approximately 200, and no conclusion was 
formed unless it was found to be correct by one or more repeated trials. 

§ 8. The Model—This was built up of yellow pine planks and careful 
shaped to lines provided by the Admiralty. The thickness of the shell. 
varied from 1 inch to 1% inches, but the superstructure was solid, There 
were three hatchways to give access to various parts of the model. The 
model was propelled by twin screws in the same position and of about the 
same diameter as those in the ship. These were driven by two electric 
motors fitted. in the after part of Mihe model, and obtaining their power 
from 28 Edison cells amidships. Fig. A shows the ‘general ar- 
rangement. The propeller thrust bearings were fitted at the ‘after end of 
the shafts. The couplings between the motors and shafts were loose, to 
allow for any: want of alignment between the armature and. the shaft,. or. 
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for any slight warping of the model, The number of cells used Could be 
varied. to. 28 in steps,of| two, the regulating Switch: being: con- 
trolled. from. outside :model., Fully: charged, ‘the model: had)a sub-— 
merged speed corresponding to 11:7 knots for ship. ‘The minimum speed 
was, found. by experiment; to: be. 4.7: knots for ship, 

the after end the model was fitted with strong quiticel and 
tal; metalfins; exactly the same in. outline as the ‘fins and. rudders: on the 
ship; but strongly. secured) to;:the: model. No guards: were ‘fitted around 
- the propellers: :Bow planes were: fitted, but these were not movable; being 

secured: to' the model so' that their plane was parallel to the deck, or top of 
superstructure... A. conning-tower carrying two: periscope housings: was 
fitted, and jumping wires. were run: from the ‘latter, to the stem, aft:to.a 
point on the superstructure at:about one-third of the length from ‘the stern. 
Two,-jumping. wires. were: also fitted: from: ithe forward: outer: corner of 
each’ plane,.to the stem—one: horizontal; the other slanting dowm: to: the 
heel of the stem, , The stem was! covered. with thin: ‘sheet brass: to ‘prevent 
the net wires cutting the wood. 

The. vertical fin: at the after, end: was: adjusted 50. that when the moilel 
was quite free, submerged, and propelling itself; it would follow a straight 
course for some distance. To bias it so that it would turn to port or star- 
board a small fin, 1 square :inch in area, was fitted:about the superstruc- 
ture aft, and could be fixed in any angular position. Holding irons were 
fitted to the model so that it could; be handled fromthe: sides of the Tank. 
These -were placed. only’ in such ‘position as made it: impossible for the 
net wires to. foul them: The complete model: was: given several coats of 
white lead paint and final coats of shellac:varnish, each end. being after- 
wards: painted «white to render. its movements visible: when submerged. 
The complete model.is shown in Fig. 

>/The: model was ballasted) so that’ its transverse: 
submerged was to scale 9.2 ‘inches: fort ship.:.Its' transverse rolling period: 
(from port:to starboard: and return) was equivalent: to 2.01 seconds for 
ship... The: longitudinal radius of gyration of »the:model, found. by: oscil- 
lating the model in air when suspended bifilarly, was one-third the half- 
length of ¥eseel. This was somewhat less than was désirable;*'but it was 
not possible to place the ballast nearer the ends of the model ‘without ren- 
dering the’ internal mechanism ‘inaccessible.’ 

§ 9, The.Nets—The material of. which the be was 
quired to be fairly hard,, comparatively weak for its diameter, capable, of 
being held together at the corners of the mesh, and of. maintaining: its, 
shape and size in the water, Eventually, after trials of various materials, 
a wite of suitable gauge was adopted. The net was brought to its cor- 
rect weight i in the later experiments by ‘suspending weights at each corner. 
of the mesh, in some of the earlier éxperiments by weights. at. the, bottom 
of each, vertical, and in the first trials was left uncorrected. 

It. was. important that there should be no slipping of the. wires at ‘the 
corners of. the mesh, and, to. ensure this, single reef, knots were formed i in 
both horizontal and vertical mre at,eyery corner. This.caused some loss 
of strength in the wire, and the break usually occurred at the corner. fh 
actual strength of the net was obtained after the experiments with it we 
complete Pid Pecans out three horizontal and three vertical wires and 
testing The figure taken as the breaking strength of any. wire in 
any Case, pone ihe mean of these three tests. The variation. in, the. results 
of these. ‘tensile ests was about 9 per cent total between different nets and 


the The longitudinal radius of jon of the! ship assumed tobe 
density‘ tits’ mass,’ is of ‘the ‘Halflength instead of 0.33 a8 above.’ 
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Fic. A. GENERAL ARRANGEMENT OF MopEL (MipsHip AND AFTER HATCHES 
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the wires in the same-net..The wire used was ordinary trade wire and 
may have varied a’ tittle in diameter, but more probably the knot was 
made better is some cases than in others. Sinkers of the correct weight 
(to scale). were fitted at the bottoms of the verticals. 

§ 10. The Net Floats—These were made of solid pine when the orig- 
inals they represented were of wood, and of thin brass plating when the 
originals were made of steel plating. The wooden ones were allowed to 
soak in the water and were then loaded down to an approximately correct 
water-line, when about one-quarter“their-volume was out of water. The 
models of the C and F floats (steel) wéré of about right weight as made. 

The jackstays in the first experiments were made in short lengths fas- 
tened to eyes in the floats; This was found to weaken the jackstay too 
much, and in the later tests the jackstays were .continuous across the 
whole section of net, with one turn on each eye in each float. The eyes 
holding these jackstays to the floats were in exactly the same position as in 

The upper ends of the vertical wires of the net were secured on the jack- 
stays by knotting the wire! over them, and were held from slipping by cov- 
ering the knot and a short length of the jackstay with pitch. This hard- 
ened in the water and held quite well, and (no slipping of this kind oc- 
curred in the experiments. 

§ 11. The Jackstays-These varied in number and strength with the 
type of floats tested.'' Where more than one jackstay were used, they 
were drawn together at each end about 1 foot beyond the last float, and 
secured to a strong string, by means of which it was kept in tension. 

§ 12. Tension in the Jackstay and. Recording Gear—The apparatus used 
in the majority of~the experiments is shown. im Fig. 1. A weight 
was suspended in a pipe on each side of the Tank, and the suspending 
string, after passing over a pulley,.was wound round and secured at its 
end to the 2-inch wheels at U. A second wheel,:4 ‘inches in diameter, was 
secured on the same spindle and the string.attached:td the jackstay was 
wound round and secured to this pulley. “ihe tension in the jackstays at 
their ends was therefore one-half the tension! in ‘the striigs supporting the 
weights. The actual tension in the weight string varied during each ex- 
periment according to the fate at which the} jackstay was moving, and ar- 
rangements were made to\measurc the first Part of this niovement when the 
acceleration was likely to/he appreciable. 

A light carriage) working on levelled rails was attached to the weight 
string (see-Fig. 1), This carriage carried on its upper surface a sheet of 
cardboard. A dotter making 50 vibrations per Second was arranged so 
that it just touched the cardboard when at the maximum amplitude of its 
oscillation. As the jackstay moved out and the weight lifted, the dotter 
recorded the distance traveled at every 1/50 second. This dotter was in 
the same electric ¢ircuit/ds a tuning fork with which it had been syn- 
chronized; and could be kept vibrating for any length of time. 

§ 13. Speed and Direction of Model—There were two possibilities of 
propelling and dirécting the model:— 

(1) To have it free throughout the experiment, controlling its motion 
by setting its fins and rudders before starting. it. : °: 

(2) To hold it the carriage which travels over the waterway, giving 
it bias in any direction, and releasing it some 10 feet before reaching the 
= propellers, working at the necessary rate for propulsion at this 


speed. 

Both of these methods wéte tried.. For (1) the model was started from 
a punt 70 feet from the! net, and the time sen to travel the last 35 feet 
just before striking the net was noted. This, start was necessary to allow 
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the model to attain a:reasonably: uniform -velocity, and; a'greater Jength 
would have been better; but even at this distance the point of: impact was 
very uncertain; and only the first tests.on the B net: were made ‘in this way. 

method the model: was held to the traveling! carriage by two 
vertical struts, one gripping the model by:a short piece,of bar between’ the 
periscope housings, the. other holding the horizontal sterm fin in such ‘a 
way as to allow the model to run out forward when the carriage’ stopped. 
The propellers were set in motion with the desired number. of cells in cir- 
cuit, ‘the carriage moved towards the net at a predetermined speed, and the 
model was ‘teleased: from the forward grip’ when the stem was about 20 
feet from the net. The-number of cells necessary for propulsion was de- 
termined by the earlier tests already mentioned and occasionally checked by 
running the model (free) under the traveling carriage.’ The model could 
be directed ‘to any portion of the net by starting it with bias to port or 
starboard, or by immersing it to different depths on: its.,struts. This 
method ‘was adopted in all but the first two. days’ tests, 

§ 14. Experiments.—These took three! different directions, the study of 
(1) individual boom défence nets as fitted or proposed, (2) mathods 
of holding the jackstay and supporting the nets, so that: the defence! re- 
mained intact: when attacked, (3) the determination of the necessary 
strength of ‘the net wites and the general behavior of net and ‘submarine. 

‘In each case the net was attacked on: the surface at. speeds possible with 
subdsarines when ‘running ‘on: the surface; and. at various depths below 
the surface, and in the ‘attack was made nearer ‘one: support 
than the other. In the general study of submarine, net and jackstay move- 
cinematograph ‘was’ used and photographs were taken to illustrate 
the general behavior. hors 

The following maybe taken as fairly descriptive of what bagpened when 
a net was attacked by a submerged submarine, the net jackstay rendering 
when the load reaches a certain amount and ‘maintaining a constant ten- 
sion as! it ‘renders; «: 

When’ the the net, the first: movement. of. the latter was 
to form a local bulge with the stem of the submarine at its center. The 
thrust of the submarine was transferred to the jackstay by the wires at’and 
near: the bulge,and jackstay and floats» would move the direction of 
advance of the submarine.’ As the jackstay bent, the whole strain in it was 
transferred few “ verticals” (mainly) at the bulge, which also had to 
take: the resistance of net: and floats as these were) dragged through the 
water. At low speeds and with perpendicular impact, no part of the sub- 
marine except the stem: and its jumping wires touched the net, and: the 
system would come to rest with the net on the bow of the. submarine, and 
the: thrust of the screws balanced ‘by ‘the drag of the wires... With impact 
at/or ‘about’ 24 feet: below the water ‘surface, the same remark: held. good, 
unless the jackstay tension was very light; and not. sufficient to balance 
the ‘screw: thrust.» With heavy pulls in the jackstay the impact which was 
necessary to forma: deep bulge was sometimes sufficient to break the net 
wires before’ the bulge could form. There was still the: possibility in this 
case of: the net holding the model if only a single wire had broken, by a 
wire fouling the fore end of the ballast keel, or by the double'mesh "jamb- 
ing round the vessel, the submarine coming to the surface under the pull 
of the net, and the jackstay catching the sy of the aceon heasingt, if 
the jumping: wire was not taut. ity 

When the net: was'struck a: wire 
usually: held on’ the stem: (or the stem entered a mesh). The angle of. 
the bulge; which the stem formed. in the net, would. get smaller the farther 
the net advanced under the impulse of the submarine.: But asthe net 
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was pushed out, the submarine was ‘being pulled backwards and upwards 

by the “vertical” wires; and this upward pull in the net not: only: lifted the 
submarine to the surface; but ‘being ‘exerted at’ the extreme end of the 
ship trimmed it heavily ‘by the stern;' As thesubmarine lifted; the:net 
settled: more ‘on the bow and there! was''less' chance of it being: pierced. 
Moreover, when’ the ‘vessel had stopped advancing, the jackstay was still 
pulling it backwards, and in some cases the trim of the model ‘inoreased 
very considerably during this backward movement. 

1f the model  impigned on: the net out’ of the: eebsunaiticuias, the net ac- 
tion was similar.’ The bulge in the net’ nécessarily: not’ sym- 
metrical, and there was a strong tendency as the submarine stopped ‘ad- 
vancing for it ‘to slew round'and foul the net with its propellers,! 
- §-16. Although the forms were originally intended for defence against 
submerged craft, the jackstay ‘connecting up the floats and supporting the 
nets was'made’very strong to support attack from‘surface craft. A num- 
ber of sigh speed runs’ (14 knots to 18.8 knots) were therefore made with 
the connhing-tower!and stem partially out of water! A load on the jackstay 
end, practically double that required for: attack submerged, was necessary 
if the model was’ to 'be stopped with the movement possible with: the’ Tank 
apparatus. The jackstay formed of three wires in’ a: horizontal plane: was 
not satisfactory as one with two wires, above the other—in: the 
former the strain was. sometimes taken on the center wire only (particu- 
larly if: attacked with the stem just: flush with the water when the bow 
wave tilted the floats up and threw’ the first wire clear of the stem), and 
this ‘also: ‘had to ‘support the’ net: resistance and »sometimes "gave. These 

“surface” experiments; however, showed that. the ‘loading: required. was 
beyond what was practicable if the net was not to be pierced: when at- 
tacked, so that the nets required’ very considerable: strengthening to: cope 
with all possible chances ‘of ‘submerged attack: such heavy jackstay 
loads; A far ‘more satisfactory arrangement would have been a strong 
and heavily-loaded boom for surface attack quite separate from’ the nets 
and their Jatkstay;' which could have’ arg 
attack only: it? 

The limitations: of the powers sf} ‘the boom defence a 
numberof. different ports were obtained in this way.’ These nets: ‘varied 
in depth from 24 feet to 120 feet, but the résults: with all of them were 
very ‘consistent’'as regards speed ‘limitations; and: the difference in. result 
of attacking close to the surface’ or at great depths. | The: experiments led 
to the detection’ of: more or less serious defects! m: some ‘eases; and -toothe 
general: strengthening ‘of alt: ‘defence: mets,’ ning too 
for their purpose. 24 

The’ nets: were invariably fitted | in across tidal: writen; 
and one branch of the work was to'determine what was effect:of tidal 
wash upon the jackstay and floats. For this purpose the’ jackstays: and 
floats were towed up the’ Tank. The jackstay::wasi ‘allowed: to’ sag)a defi- 
nite amount by’ increasing the ‘length to somewhat) more: than the span. 
A. skeleton diagram of the arrangement is. shown’ in': Fig, 3) - The 
total pulls in the jackstays'to maintain: definite atid: different: sags was ‘ob- 
tained in this way, ‘These:pulls: were always ‘much greater’ for: the’ types 
with ‘wood floats than: for! those with steel:floats, the excess varying from 
30 per cent percent. This’ was’ partly ‘to ‘the latter being 
smaller, and to their better shape and arrangement. ; This’ pull:in:a tidal 
stream ‘was. most ‘serious‘in some cases, amounting 4-knot tidé to! sev- 
éralstons. It constituted definite ‘handicap: onthe types with! wooden 
floatssas the greater jackstay’ pull necessary with them lowered: the. ‘‘stop- 
ping “speed” ‘of: the: defence.” any otf jar 
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In most cases the jackstay consisted of several wires, and it was found 
that with any very definite sag, if these wires were in a horizontal plane 
the floats became unstable in tides of 3 knots to 4 knots, and turned turtle, 
tangling the whole system. This was due to the outer wire of the bend 
taking the major strain, and the floats were therefore held against the 
tide from their after end, and no rectilinear float will maintain this posi- 
tion for any length of time. The turning turtle always commenced in 
the center of the span} and spread to the end as the tide increased. i 

§ 18. Methods of Holding Jackstay Ends—In. Practice, three methods 
of holding these ends were used :— 


5 Fastened so that there was no possibility of movement at the end. 
2) Fastened to mooring buoys having a certain degree of freedom. 

(3) Allowed to render when the strain in it reached a predetermined 
value, the strain being maintained as it rendered. 


With fixed ends it was always easier to pierce the net than with a ren- 
dering jackstay, the drop in the piercing or*stopping speed with impact at 
24 feet below surface on a 430-foot span of net was roughly 25 jier cent, 
This general effect of fixed ends was demonstrated in several experiments 
when the jackstay wire jambed as it was running out. Although, the net 
had successfully held the submarine up to then and reduced its speed con- 
siderably, it would generally pierce the net: 

Moored Ends-—The general arrangement of the jackstay and net is 
shown in Fig. 2. The length of the net was 400 feet, and it was 
supported on rectangular floats, The jackstays were secured by a pendant 
to the lower end of large peg-top buoys which were moored at a depth of 
20 fathoms by a steel wire rope of 40 fathoms. To give the eatatrding 
effect of adjacent nets against any local movement, a*second pendant: was 


taken from each mooring buoy and wound round the pulley and cafried 


on a’small trolley of the Tank side, This trolley could move freely up 
the Tank with the buoy, and the pulley unwound against a friction brake 
adjusted so that the pull in the pendant was 7.8 tons. When the net was 
more.or less over its moorings its stopping power was only a little short 
of what it gave with a rendering jackstay. But-in the flood of the ‘tide, 
net and buoys would be pushed forward, and in so far as the slack of the 
moorings was taken up in this way the net lost in power of resistance. 
with all of it taken up behaved only ‘slightly better with fixed 


§ 19. Rendering Jackstay.—Most of the: experiments were made with 
the jackstay ends carrying a definite weight. In this condition the maxi- 
mum strain: in the jackstay exceeded the value of the weight, and: this 
excess strain increased in relative “magnitude when the point of impact. 
-of the submarine was near the water surface... This excess existed for a 
short time, and in practice would have its counterpart inthe static fric- 
tion ‘of winch to which the jacksta secured, constant 
load on the jackstay, it was always an advantage to keep the load as 6 
as possible consistent with doing its work. oa! 

On completion of the tests with constant load on the jackstay, diate 
further experiments were made with the load increasing as the jackstay 
ran out, but starting with a small initial value. Unless the model after im- 
pact with the net was allowed to advance beyond what was practicable 
in the experiments, the initial load could’not be reduced much, without the 
necessity of a very large (and therefore dangerous) final load. 

When the forward movement of the submarine had been destroyed the 
backward pull on the: jackstay was always greater than it was with the 
constant load. This pull as a rule was exerted at and about the bows 
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of the model and was sufficient to overcome: the propeller thrust and, push 
the model backward, i.¢., stern first for some distance, As it went astern, 
the trim it had received from the net as it: was, pulled up was greatly 
increased, and reached!as high as 50 degrees! in.one or two: cases, against 
about 30 degrees with constant: load on the jackstay. One other effect 
of, this varying load! on the jackstay' was noticed. -The two ends seldom 
rendered exactly: the:same amount, and)as a‘ result there was some di 
ence between the pulls ‘on the two sides of: bow: of the submarine, 're- 
sulting certain: :amount of ‘slewing, hes a tendency. to turn 
broadside on to the net. 

$20. The stresses: in the net: are by. several 
some. of which depend: on: the nature of the blow. The stem of the: sub- 
marine might enter a mesh or catch on ahorizontal wire. In: either case 
the push of the submarine was resisted bythe water resistance ‘of the net, 
and by the pulls in the verticals. When the net had bulged)a little, the 
jackstay and floats began to move under the influence of ‘the horizontal 
component of the forces ‘in the “vertical”. wires;\:This. horizontal. com- 
ponent ‘was’ required to balance (1) ‘the! fore-and-aft component of: the 
jackstay due to its endwise pull—which: increased:as it paid out ; (2) the 
force necessary to promote movement:or overcome the inertia the 
floats—which ‘in some cases’ weighed: several, tons each; (3) the: force 
necessary to overcome the: water resistance to movement of the: floats:' 

“With impact near the surface, all of these: forces came into, play almost 
at once,.and ‘in most cases:were transmitted. to) thessubmarine through 
only two of the verticals. The sum total of these three. forces.on)each 
side of the point of» impact had therefore to be kept below the breaking 
load ofa vertical wire of the net. _Moreover,:since the pull:in a horizon- 
tal wire bent over the ship's: stem: at:a sharp-angle had to, balance the’ pull 
in the critical vertical’ wires, as well as''some: of ithe:net resistance, these 
wires required to be somewhat: stronger: than the verticals, nets 
were made in this way, the difference: varying: in different ‘nets: from: 30 
per cent to 12 per cent. For these reasons the jackstay loading: was: de- 
termined and expressed in terms of: the breaking load of the vertical wires. 
The tests showed that the stopping’ speed of any: net varied approximately . 
with the breaking load of these wires, and) that for’ the best’ results ithe 
jackstay ‘end strain had to be ‘about one-third-of this, increasing to a max- 
imum’ of ‘not ‘more: ‘cent :the breaking: load’ vat had: reni- 
- dered about 40 per cent of the length of net supported. tee a 

§ 21, Paddle: Nets-—-The. experiments detailed above 
bythe middle of July, 1916—14 weeks: from: the receipt: of the: first order 
—and were followed by others! on a: different typeof net. »This: was: in- 
tended for use'in»almost non-tidal waters, laid) in long lines, sup- 
_ ported by small: steel floats at the top, and: attached by wites: from their 
lower edge to:sinkers spaced about 120: feet apart: The total length 
mooring wire varied from 100) feet: to:200>feet,; the: depth of water from 
surface to Sinker being about. 174 feet:;; Ifthe: sinkers to’ which: these 
mooring ‘wires were attached: were regarded:as) fixtures, the net could be 
defeated at a comparatively low speed. ' Experiments were: therefore made 
by ‘the Boom: Trials: Committee to determine the forces netessary,’ first 
to»break ‘out a sinker in different: bottoms; and then to drag it over ‘the 
bottom. «In: the: later Tank experiments the lower ends of the: ‘moorings 
were allowed to move when these -breaking-out) loads had been reached, 
the ym een ian to drop quickly to that corresponding to a drag- 
ging sinker. 

Only a comparatively short length of net could be used i in the Tank, and 
it was necessary to represent in some way the effect of adjacent portions 
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of net, mooring’ wires and sinkers, Adjacent. sinkers would »strain.:prin- 
cipally along! bottom: but: the ‘inertia’ and: resistance: adjacent net 
would be felt: on’ all: the horizontal wires: of the net. 
experimental adopted: is in’ Fig): 
net was of the same mesh as’ before, but the end. verticals neat the ‘Tank 
walls were replaced by light ‘flexible battens, andthe horizontal:wires ‘were 
attached to rings which could slide ‘up or down the batten. From the top 
end of the batten a string was take to a’pulley on the tank wall, A simi- 
lar ‘string was taken from: the lower end of the batten to a pulley at the 
tank bottom, and thence to another on the roof.: ‘These strings! were 
loaded in various ways ‘to give the -effect of the drag of adjacent ‘nets, 
and manner and time (relative ‘the: movement of net) at which 
came into: play were also varied. | 

‘pull in: the mooring wires’ was taking the wites 

: pulleys on the Tank bottom and thetice over pulleys on the roof. These 
wires were loaded:each by two weights d and'c, the latter close up to. the 
roof pulley, and, attached to each wire on the “net” side’ of the pulleys a 
on the tank bottom, was a weight;'h. Between A and the net the mooring 
wire was quite slack, but when the net had moved under the impact:of/the 
submarine and taken up all the slack of the: mooring, if the tension reached 
the sum ‘of weights c and sinker: would: commence to drag, When 
it had: dragged one‘or two: inches the weight ¢ moved to the other: side of 
the pulley and the tension in the mooring. dropped to:(d — cc). The 
weights (d +c) and (d — 'c) were arranged to give the breakingrout 
and dragging loads for the sinker used. . 

The diagratn (Fig. 4) shows the movement of the net, the dine: of: lat 
tack of submarine being ‘represented by an arrow: The trim of the model 
produced by impact was never very great, the general result being to pull 

model down more or less bodily. | Occasionally the net would slew 'the 
model badly, owing to unequal’ movement: of.»sinkers, or to impact at:an 
angle, and this slewing advance had ceased, until the pro- 
pellers fouled:the net: 

§ With some adjustment the of wires, this: type 
of ‘neti was ‘approximately equal in. stopping: power to ‘that already de- 
scribed, If the sinkers in actual .practice “grew into the’ bottom” they 
would: act as fixed moorings)and the stopping power would suffer, 
the moorings could be arranged to! give a quite ‘good: margin over: the: ex: 
determined breaking out load. 
It will be easily understood ‘that it is not’ possible to give othe! 
detailed conclusions arrived: atin the course of the: experiments, :as:sub- 
marine attack on harbors, etc.’ is'istill to. be reckoned with: in they future. 
The- experiments: were witnessed. ‘ow a: number of Occasions by’ various 
Admiralty and Port officials, and: on June .14,°1916, a number: of! éxperi- 
‘ments were witnessed by: the First: Lord and Third Sea Lord of the 
miralty. «The: experiments “were .arranged'in ‘conjunction -with Captain 
Learmouth, Captain ‘Seymour and:Commander Bircham; of the. Boom 
Trials Committee, details of: the experiments: were in: part::due to 
Commander: Bircham who: took charge of the cinematograph ‘work;:and 
Lieutenant -Powellof the Cameronians. «It''was due ‘to ithe energy and 
willingness of ‘these and other:members: of: the Tank staff, and »particu- 
larly tothe mechanics, ‘that the! first: portion of this research’ work om 
fence nets was carried: out inthe short) space of 14: weeks, The final re- 
port on the whole matter sent: off: im 19: weeks’ the the 
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fot rivets spaci ‘are the result ofe roliation. ‘arrived 
by’ tule of thumb, experience, of found to 
cing suitable for caulking, experiments, calculations, survey, rep ge on, 
amage cases, etc,, and are, in the opinion of the writer, general 
with very few exceptions, which willbe referred to 
tightness depends, perhaps, more ,on, good. ‘workmansh ip, than any oth 
one thing, especially ‘so far as riveting is concerned. If every rivet co : 
be guaranteed 100 per cent perfect, slightly greater. spacing would be prac- 
ticable might be allowed by classification societies except where. a 
irq efficiency of joint is essential. The. same standard of workmanship 
not exist throughout the of the. gases. even 


“While! ‘theres: “probably some: “barges in prior > 1872,. it. 
was in: that: year ‘that: the first: bulk oil-carrying:. isteamer:!‘was built:at 
Palmers, Newcastle-on-Tyne, England.’ Although :this: vesseb was built 
especially: for: carrying: oil:in:bulk, sheshad a double: bottom; ‘and: the indi- 
cations are that the rivet spacing was the: same: as iri vogue at that time 
for watertight work. Following this: date,-new bulk :oil carriers were. 
built from time to time, bat perhaps» for, about three decades converted 
vessels.contributed more. or less to! increasing the fleet. During this period 
the spacing: of, rivets, -even for; watertight: work, was in» some: respects 
greater than at present and vessels frequently leaked a little when new; but 
they .were built of iron andthe joints soon rusted up tight, thereby: in- 
creasing the friction of the riveted’ joints and: resulting ‘stronger and 
more durable vessels under existing: conditions.::: This-rusting-up process, 
however, would not:take:place in the case:of new véssels built to carry crude 
or lubricating ‘cils in bulk, and on. that account: some of theconverted -ves- 
sels were tighter than new tankers; It was during this period ‘that’ the 
iof the: friction) referred» to) above: became; ap 
preciat 

Oxidation, however, takes edi’ in tanks carrying cua and. this rust- 
ing-up process, undoubtedly, penetrates:into the seams. On this account 
it might be beneficial to carry a cargo of this character on the first voyage 
or two ‘as is’ ‘sometimes done, Tests’ have demonstrated ‘that, while 
friction ‘of the joint has’ no efféct on the ultimate’ strength, it has a sa 
fattor above working stresses where workmanship is good. Tf there’ is 
the ‘slightest slip, defective rivets’ will comie ‘to light; therefore, in oil-tigh 
work intimate metal-to-metal contact’ is of’ the gréatest’ importance’ for 
permanent’ oil tightness, ‘especially subject ito” 
set by the ‘working: of the ship. 


early; both new. and converted, had, 
d were ‘consequently, easier, in a seaway; hi the penetrating character of 


oil sought out, weak.. spots ne AMdeveloped., under. new 
stresses created ‘by carrying, oil. bole The The first leaks frequently oc- 
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curred at the ends: of stiffeners and) in rivets-connecting frames to shell 
which were subject to stresses not common in ordinary vessels. After 
these started thevessel began to work mote, ‘and progressive damage fol- 
lowed, frequently resulting in almost) entirely reriveting the vessel. The 
old reliable pan head. was found to produce the most intimate contact and 
to be more permanently’ oil-tight, and’ was Fecommended except, where 
some other types’ were’ absolutely necessary 

to 1894 there: were built or Hove's class. sixty-four ‘tatik- 
ets, yet the Society ‘didnot consider fad ‘sufficient experience to 
lay down definite rifles for their’ tlie oti: In this year, however, Mr. 
Benjamin Martell, Chief Surveyor to. Lioyd’s Register, read a paper be- 
fore the Institution of Naval Architects ‘wherein he outlined his views on 
the details of construction’ and of riveting for bulk oil carriers, recom- 
mending three diametets for oil-tight work. This pa paper in pamphlet form 
was distributed and for a number of years setved as a guide to ship. 
builders in the design’ atid construction ‘of tankers intended to be classed 
at Lioyd’s. Within a comparatively short time after this, Bureau Veritas, 
apparently profiting by this paper, published rules for ‘tankers, and the 
American Bureau of — ee their first rules in 1902, but the 
first‘ rules Lloyd's: did not:appear) for general use until: 1909:'\ 
Bureaw Veritas:and the American Bureau recommended ‘three and one- 
half diameters: atthe start;'while 'Lloyd’s specified. one ‘more’ rivet a 
frame space: than’ required for watertight. 

_ Evolution was :a>slow process;: and: iio ‘doubt in’ 
cause: for failure was recognized, *'Mr, Martell ‘realized this when he 
wrote his: paper and provided: for tanks not over 24 feet in lengthy in- 
creased stiffeners and brackets;'as ‘well: as closer spacing of rivets.:: Had 
the earlier tankers’ becn better designed as regards: tanks, stiffeners, brack- 
ets and compensation, ‘where needed) 'the question of: rivets and spacing of 
rivets for oil-tight: work: might possibly have received. somewhat “less: at- 
tention during ‘those ‘troublous: times; This appears: to: be a reasonable 
inference from the fact that’so many.converted tankers have: since: (given 
long. satisfactory ‘service: That :oil-tight: work: should be ‘double: riv- 
eted: was ‘an accepted rule. This is stiliothe general ee ‘but sin- 

gle riveting is now: permitted: inthe seams:of double bottoms: intended for 
fuel oil. 


i 


Concession, was, not. made, until, after, ‘vessels in. commission 
converted to carry, fuel, ail, in bottoms: with ,single- 
seams and their class, continued. oth, new old single-riveted 
tak tops,; where fuel oil.is carried in: ‘bottoms, have proved.asuc- 
Why. should, there be any greater,.risk -single-riveting the; seams 
decks, and, trunks ,of, tankers, which are subject to less test head,and 
defection: especially where the spacing is; made, closer, for oil-tight: work? 
Just how far this argument could be ‘carried for tankers intended or 
liable to carry bulk petrol:or: other; light distillates is a open question. If 
single-riveted seams oe tight for cru =P would th ney be as tight or 
. up tighter with petrol?! Lloyd's! do permit ne to be 
double! bottoms,. but’ not’ ‘ktiown’ whether of ‘Hot’ 
wotild be permitted even’ with’ ‘double-riveted Seamis with dry’ cargo above. 
>Lioyd’s formerly reconttnended ‘single 'double-tiveted bulkhead ‘boand- 
ing bars, but later gave the builder mW option of usimg double ec al 
eted ‘bars. ‘The’ general ‘practice now’ use ‘double le-riveted, 
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‘as ‘recommended ‘above would have the same number of -rivets 
amount of caulking, and be more easily set. In gunwale bars, Lioyd’s 
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' with countersunk heads and points and bars caulked on both flanges on 


each side. Classification, societies now allow a hppeciee: of five diameters 
cofnecting bulkhead bounding bars to shell, writer is inclined to 
favor’ singledouble-riveted bounding bars rivets in standing 
flangé with caulking on-one side, because it is believed this lends itself to . 
cheaper and better workmanship and would insure the parts being drawn 
up more closely. Countersunk heads are, of course, unavoidable in the 
shell flange. On’ the Clyde, bulkhead bounding bars are iy sear 
hydraulically riveted on the ground, using pan-head rivets, and; finishing 
¢ te! j Ageti 
“USE. ‘OF TEE BARS. 


Where « double bounding bars are fitted, careful “workmanship i is neces- 


‘sary to. insure the two shel! flanges lining up perfectly: for: intimate con- 
‘tact. To overcome this difficulty and with a view to better and more eco- 
‘nomical work, T-bars have‘in some Cases been used, although the present 
available 634-inch by 6% inch T-section does not provide sufficient width 


of ‘shell flange on that side on which the bulkhead plating connects to the 
standing flange for best spacing: of the rivets. A more general use:of' this 
type of bounding bars has been recommended by sore Sheets bison and_ with 
this in’ viewtwo°of the large shipbuilding concerns” without? success 
urged the steel companies to roll a larger section. Conditions, however, 
would be substantially the same as with single bounding angles. Pan- 
head rivets could be used except in one flange, three-ply work: would be 
eliminated, and only two edges would require caulking. A i angle 

‘same 


require four and one-half’ diameters for watertight work and five diam- 


-eters for oiltight work, which does not seem consistent. . The: table.on the 


next page gives, for a number of selected parts, the rivet spacing recom- 
mended by Mr. Martell in 1894 for oiltight work and present requirements 
for both oil and watertight work of a a s, American ane United 
States Navy, and British Admiralty. 

The extensive use,of oil fuel in naval, “vessels "during. ‘the, Py few 
years has brought up for consideration . and settlement man problems 
in design Which did ‘not exist in coal-burning vessels. “Tn vessels’ OF great 
length, such as scout cruisers and battle cruisers, longitudinal bulkheads 
‘are used as’ strength members,’ The ‘riveting ‘conneéctiotis ‘in’ these bulk- 
heads mtist' be designed to obtain maximum strength ‘and, therefore; the 
riveting should’ not ‘be’ so’ closely’ spaced that more material is' ‘punched out 
of the plating than allowed in ‘the calculations, ‘without compensation.’ Tf, 
‘however, thesé bulkheads 'forin ‘botitidaries ’of tanks, omes’ a 
ter of importante, when’ transverse “bulkheads joint’ the! _ longitudinal 
‘strerigth bullchéads, to avoid too close ‘spacing’ in’ the bounding bars. | If’ the 
strength bulkhead’ is designed for a’spacitig Of ‘six digmeters ‘for rivéts in 
‘stiffeners’ and’ oil tightness demands five diameters at a ‘transverse bulk- 
‘héad, it becomes necessary 'to_ introduce compensatin ‘Tiner's ‘which add 
‘the weight and; on ‘of the extra. 9 g, increase the 
difficulty of makitig’ the stricture” tight." 

Hull, Division: of Philadelphia Navy Yard recently’ made ry test 
on an experimental | box to. determine -if :a:six-diameter: spacing -of »rivets 
under the! conditions as)stated: above, Six»diam- 
eters might be quite suitable: on a ‘deck meat: the neutrab axis, but unsuit- 
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Shell plating | 
Deck plating seams 
D. B. 
Tunnel plating. . 
Bulkhead stiffeners 
Tunnel stiffeners 
Shell butts . 
Deck butts 
Bulkhead butts 


+ 


*7 up to 27- on frame spacing. +7 generally. 
6 above 27-in ‘frame §4.in. deep tanks. = 


able Hep ‘parks ‘subject. to stresses resultin from the vessel working i ina. 
seaway or from shocks of gun-fire or explosion. In. this test it was found 
that the caulking. of bounding. bars to heavy bulkheads. was satisfactory 
under ;a_60-foot head with a six-diameter spacing in the connection of 
transverse. to, longitudinal bulkhead and five-diameter spacing in bar, con- 
necting to the. shell... No gunning was used and no special effort made to 
have the box, absolutely tight on the first test.. A similar tank was also 
recently tested at the New York Navy Yard to demonstrate the efficiency 
of six diameter spacing for T-bar stiffeners and for bounding bars to 
bulkheads, The tank was first subjected to a test head of 65, feet of wat 
and found. to. be. tight; to a. twenty-four. hour. endurance test. wi 
oil at the same pressure. Then the head was. increased to feet, 
which pressure was maintained for four hours without leaks. The results 
of the tests appeared to. indicate that in fairly, heavy plating, where the 
members are not under the influence of other stresses than those due to 
head, six diameters are suitablé. ‘The thickness of angle bars, it was sug- 
-gested, should preferably be not fess than 34-inch.  It:is' understood: that 
further tests were directed to be made on experimental tanks: lat! navy 
yards, but, unfortunately; ‘full particulars: are not at hand. 


| 
3¥| 44 | 38 | 48 | 34 | 4 | 4-44 
3t pk | 38 | | 34] 4d 
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has, been the practice in naval work to,use a spacing of three and 
one-half diameters for 0: iltight work in seams,and, straps, four diameters 
in angles, to plates including staples, and four and‘one-half!diameters on 
bulkhead: stiffeners if ‘caulked:. oiltight. This is.a,choser| spacing. than. is 
required for ‘watertight work.|, Experience in-the construction of oil tanks 
in double bottoms: seems indicate, that, 'with,,ordinary ‘good: ;workman- 
ship, watertight spacing will: be, satisfactory: for: oil... While; the naval 
authorities are not prepared to’ make the spacings the same, a compromise 
has been made’ aliowing a somewhat greater spacing than called for by the 
navy rules for, oiltight work. Forisingle riveting three! and one-half diam- 
eters|,are -retained; but four land: four and one-half, diameters, depending 
on: the: thickness of the platés, are now: ; are used, 


sugge ‘the ollowing 's as permissible, provide sidera- 
other ‘than oil-tightness ate not determine | the spacing :— 


Diameter of rivet. Thickness of Sparing in 
5/16 3.6 


half inch. diameters were’ satisfactory for a 10-pound plate’ using ' 54-inch 
rivets, and assuming that the deflection of the plate edge caused by caulk- 
ing probably varies as the ratio of the fourth’ power ‘of ‘the distance be- — 
tween rivets to the fourth ‘power of the thickness of the plating, and°that 
the extension of the rivet varies as the tatio of the»distance between 
rivets to'the area of the rivet.: In order to-make practical use ‘of! theabove 
it was ‘suggested that watertight spac spacing ibe used for: rivets: ‘in’ wilt 
work on naval’ vessels.) 
A‘ naval constructor ’stationed’ at same yard the! investiga- 
tion’ further ‘by ‘considering ‘the deflection that is caused caulkmg: and 
by the amount of general deflection of plating due to water pressure, and 
suggested’ that; ‘based on: ‘the’ assumptions’ ‘made, the! -following ‘spacing 
would be: satisfactory :=15-pound plate; 4: diameters; 20-pound: plate; 4.5 
diameters';'25-pound ‘plate; 5 diameters; plate, 5.3) diameters ; 
35-pound: plate, 5.6 diameters.) 

The above tables were deduced’ without to. strength, of joint, 
and it’ was’ pointed out that-this' consideration ‘might be ‘more: important 
than questions of tightness,’ For: ¥%-inch rivets in 10-pound plating it was 
shown that approximately .006 inch is the’ deflection or amount’ of seam 
that can be caulked ‘off without exceeding ‘the ¢lastic limit 'of the ‘material, 
The ares ‘on ‘the! rivet ‘for ‘such caulking was found to be very moderate. 


Ry 


The it’ deriv fit of rivet’ iting 
tight work was made to confirm that ‘every tnnecessary ‘rivet is 
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rivets due to caulking to the: exelusion of 'the ‘mote’ ‘complex attends 
perienced under. service conditions.) 
For thin’ plating, where large ‘rivets in’ sai thickness pe used, 
the ‘diameter“is based more nearly upon ‘theoretical considerations,: but if 
the ‘same coxsiderations’ were’ followed in determining the diameters: for 
thicker plates, the ‘rivets would exceed the fimit practicable to drive, and 
spacing bastd ‘even ‘on’ using the “same nuinber sof? diameters: would) at 
some point’ becomne greater than indicated: in’ the! tables. » Thick’ ‘plates, 
however, are used where greater strength is: required, and: the: crivets 
used are*much smaller ‘ih ‘relation ‘to thickness greater number is’ neces- 
sary to develop the: ‘Strength: ‘of the plating) The uniform spacing indiam~- 
éters adopted in ‘practice, ‘substantially, for all thicknesses of plating! isa 
great convenience, and it is only necessary to! increase the number! of: rows 
of rivets where greater efficiency of joint is desired. If the spacing sug- 
gested in the gon is ‘for: oiltight: work, it be 
sary to, increase n r. of .rows Ansure) proper. stre 
attempt to re the, number, of ,riy — uild 
Shion Record 6, 1 


BILGE KEELS OR GYRO-STABILIZERS. 


The stabilization of ships is a problem which has always held: a certain 
amount of fascination for the naval) architect, and many methods have 
been brought forward to minimize ithe rolling of a ship which occurs 
when she is subjected to the action of the waves. The simplest ‘form of 
stabilizer is the bilge which, while. it adds a: small;amount to'the;cost 
of construction,and to: the resistance of propulsion, costs nothing’ for up- 
keep; and doesnot. in any way detract. from the ;carrying capacity: of: the 
hull... The; /anti-rolling tank the: advantage that-it does not n¢ed;ma- 
chinery: to .operate. it, the action'of, the water which. tends to prevent, the 
vessel from rolling being, called into play. by the; rolling ‘of ‘the vessel itself!; 
but, these: tanks occupy:a considerable space in the hull which: might be: far 
more! profitably: employed: in the .carriage:of: cargo. ‘The gyroscope repre+ 
sents a far more exact method of damping out the vibrations: of:a ship; 
but: in, addition!)to, the cost and. the; space occupied, a certain, amount/of 
power is ‘required! to, keep: the! gyroscopes motion. . For first-class pas- 
senger;Jiners and.for: war vessels some’ measis of preventing, rolling is, 
however, . very, desirable,,| particularly, in. the|case of. war: vessels. from 
which; accurate .gun-sighting.‘has to:be performed, even when: the vessel 
is. exposed to the-disturbing, action-of rough seas, and clearly some method 
of determining the actual stabilizing action of any Proposed device: shops 
prove of great value tothe naval atchitect, 

The equipment of ship model.tanks with waye-making led 
to, the performance of many.experiments: having for their object, the de- 
termination; of,.the exact behavior of a. ship; :to:the action 
of,ia .seaway, but been left to: Commanden | William, McEntee, of the 
United. States , Navy-+whose, work jin, model,-experiments | is; well, known 
and highly valued in this country—to employ the tank for comparing the 
prong effects of the’ yar! ‘the on models which 

ye been. subj jected. t pa: contributed. (the 
Amencat., ‘Naval As he bas, des scribed a, series, of 


4 b it Ls \ itz 
test of Bi lige Keele and bit on, Model ‘of ‘the, 
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periments carried out dn ‘thé. model:‘of! thé United: States aircraft carrier 
Langley, having this sine in ae The ec re a yessel of - feet long 
and 11,000 tons is being fitted 


ess 
experiments being made ,in, still water,, both. with. and. ; 
in order to determine. he quenching power of the keels. are 
terest to.g te, Fesults, Of. experiment. "Without 
angle of rolling was reduced, from Paid in, about. 
swings, .as compared with pring eels were. fitted. 
In making the tests, a, roll that.a con- 
tinuous record was. ob tained the ied. out, typical 
curyes being published with the pa eee Basel 
tor the comparative’ tests with el 
‘of ‘various heights produ the mods basin, being 
uivalent heights. Bis it 9 Sect, 49. feet, as compare 


ship and the period. of the wave. being, so,, controlled that it, 


iiarkat d rolling of. the: model, The gyroscope was erated by an electric 
motor producing a. stabilizi momen of about. 2 on, the 
model, and the angle of, roll, was quickly, reduced from, 34. degrees gh 3 
degrees when the stabilizer was, cut_in, while. with the same system of 

the. bilge th the angle ‘of Toll: from. 26.4, 


of. the vibration. of the model, sh 
res Hie of gyroscope in damping out; the vibratio 
as compared with the bilge keels. Other Seatig oy were thade in wh 
very heavy rolling of the model was produ ed, and with an angle of it 
of 48 degrees the stabilizer, when cut in, a almost aera tetuted this to 
about;2, degrees: Hoviewloxs if 2 
, We shave referred to the question: of the pines: the 
gyroscopes. being,.one the disadvantages: of this: type of’ /stabilizer: 
ith a view to showing that this power was: expended. 
Commander McEntee made a series of measurements of the increase in the 
towing resistance of the model when it’ was caused to roll by an harmonic 
‘applied ‘tothe ‘mode} while ‘it: was ‘being’ towed through 
water) ‘atid. his’ restilts' in terms of thé’ éffettive horse- 
of 'the ship; Front his' curves it appears that at°15' knots the effec: 
horsepower ‘would be in¢reased’ front! 3,000’ to 3/300 ‘when ‘the vessel ig 
rolling! ‘through'anare ‘of degrees; ‘atid? te '3:600 effective horsepower 
when the vessel is rolling through an arc of 45 degrees, corresponding to 
afi’ inérease’ of 10° and 20° pet er’ cent: respectively. “Tt is recognized that this 
increase in power is not absolutely. the. same. as. would be, required witha 
vessel. rolling ina: seaway, but the results confirm: the’ ex oh ce gained 
at'sea that loss of gp octurs wheti a vessel is Tolling’ heavily,and ‘ynder 
circumstances. ommander, McEntee comes ito. the conclusion that 
the power and weight devoted: to the means: for stabilizing a’ ship: are more 
amply’ ‘by the saving’ in'the power fequiréed ‘to drive’ her,’ “We 
pre red to assert, that, every. ship fitted, with 
would ‘in’ all. circumstances: prove: a than: one:not 
it is from the above experiments, that not only does’ thé gyr6- 
yield ave power to drive ‘vessel, that ves> 
1 thus: stabiliz d require: less power to drive:her: at.a stated 
than one Not fied, ‘anid this latter’ fact ‘must: reduce Of 'o one 
aid, add to the power of the and 
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struts, atid in general, all ‘structural aré 
designed ‘to withstand not the stresses applied ‘axially but 
also the incident teridency to ‘give way laterally by bending, or more prop- 
erly, by buckli When the case is simple and well ‘défined, for instance 
that of @ strut of uniform’ 'séction, the area of that section is so chosen that 
the stress per unit of area is well within the limits sanctioned by practice ; 

nd in’ addition, the least moment’ of inertia of that section must be such 

to insure the safe elastic stability of the strut. 

That beams subjected only to ‘simple bending ‘efforts’ may buckle’ pre- 
cisely as axially loaded’ struts do was shown for the first time about ¢ight- 
een years ago, when the tesults’ of ‘some four thousand. tests were Pub- 
lished in the columns of the “American Machinist.” A number of 
dents which came recently to his attention, such as, the’ giving way oe 
jib Of a locomotive crane, causing the death of two men, the deforma’ 
of certain parts of ordnance materials, and some problems involving com- 
binations of stresses, prompted the writer’ to give additional Mee 
the subject, thus ‘emphasizing certain ‘points of vital importance arid” Bho: 
viding handy tables for the use of the designer. ey 

As it ‘was necessary to verify’ the of. some: combinations of 
stresses, the writer was ey! authorized to proceed, and a very, simple ap- 
paratus was quickly rigged. in the writer's and that furnished an ex- 


cellent occasion for demonstrating the “fundamental 
several Ordnance Sections. 


| THE FOUR LAWS, 
These are stated here as applyir exclusively to 
of uniform rectangular’ section; it will be shown; however, that they 


apply equally well to uniform sections: shape, end to beams’ held’ 
supported in various manners. 


} 


axes are to be considered, 


The longitudinal axis of the, 
: he greatest, or major axis of the cross section, ‘in. the direction of 

the load is; and..maintained ; this axis is always understood 
as in the same.p with the, longitudinal. axis; hence, these two axes and 
the direction of load should remain.in the same plane antil the! nitietitte 


the author 
article ‘into’ a merty chase ‘after theoretical for its solution, Thi Gate, 


it did not, exist; then he resorted to rimentation .a 
ws of Flexural; Buckling. Th results of, his tests, in 
. . Recently several seems of of anther material were broug ght 
the author’s attention, and he found ‘that their solution 
upon the of the Buckling formule: Owever, it ‘was 
to to jextend and... verify; these Jatter.in. order to. meet some particularities theme t 
questions. Permission for conducting pe uired and the O: 
at 


‘he kn likel ale 


field opened by the beanie extent, d only a f i 


through 


collenss in this 


problem of ma: ne design some tment 
in ich question arine enging was of prime importance, | res 


362 3 
2 
. 
| 
‘ 
4 
ze the of this. 
“co-operatio elasticians ‘and 
4 


"6) The smallest, or mi is of the cross section, always erat 
ular to\the “axes-load” pl 
ms Law—A horizontal use ld fixedly a end and | 
the will buckle when e, and. with 
same load acting always vertically the eet will buckle for any given 
of its longa axis, from ee to the ver 


tical; that is, through. of deg shew A 
causing. the ing’o ou exure 
sel to! ‘he square of the which j it acts 


Seco 
inve 

Law—The load is direct ” seubhdiional to the cube of the thick- 

to the height of or generally, directly proportional to 

to an axis (the major) passing” “center 0 

plane of action of the-load. ~~ Atte 

total ‘of ione_or. sevéral forces isiequal | to the 

} 


EASY EXPERIMENTAL PROOF OF THE FIRST LAW. “f 


The ifying thing about this whole subject is that the Gili may 
be proved by simple means. The beam specimens may be of clear white 
pine about 30 inches long and of uniform-rectangular cross section. 
specimen should, of course, be straight, The cross sections may vary be- 
tween 1 inch by "3/16 inch to 2% inches, by %, inch. Any other conyenient 
kind of wood may do asiwell, and any referred be used. 
The main purpose in seléeting bars/of rélative is to aie 
tate both the manipulations and the of the 
such laws exist they should be capable-of:ready; proof. It may be again 
objected that even if the laws are Clearly proven by means of small speci- 
mens they may fail to apply in practi¢al-applications where compression 
members and beams me relatively to these of enormous sizes, The 
answer is that the material of the small bar is always more uniform, could 
be called more perfect, than that of a larg e beam./ A le glance will 
anyone. Therefore te small be éred as a simple 


algeb: 


case whereas the large beam would be a complex one. Objection may also 
be against the use of wood instead of metal. Wood jis preferable to 
metal because the loads required are smaller, cheaper and the adjustments 
can be jsecured with a lesser degree of precision. However, let it be clearly 
underst tood that the- writer has verified laws by testing steel bars; the 
results have been the same as_with w: -bars,--with-the'exception that 
the loatls were increased in the proportioft.to the of 


the material. Thus, the’ ing load for ‘a given woodé: m being 17 
pounds, for example, a 1 bar of sizewould r ut 391 


and their ratio 1 nearly. 

To test the firs refined material required i is a flat stick, say 
one plastering lath. wall the select it Tehaighe and frec of too obvious 
defects, Squeeze it at one end between two pieces of hard wood in a 
swiveling vise. Hold it at first in the harigontal position and load it at the 
free end as shown at A in Fig. 1. Increase the load gradually until the 
beam shows sluggishness brating. Jaterally ;_ then_keep.on- -applying 
smalle d increments and point will be reached at which no 
further increase will be possible. beam will then fall, or warp, to one 


the respective ‘about 1,300,000 and 30,000,000 
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side and would collapse entirely if not prevented by a slight pressure from 
gers-applied-at--the. Now. remove the load 


the fin 


shift the beam to any angular position B, and apply again, bp 
the full load. The beam will oof pr 


re ways of the beam a 


to warp laterally i 
bad must lie in the pl 
and the longitudinal axis. 


At the beginning of previdis. the suspension of 
the loa d it was found that they actually 
réstrainied to some extent the aga Coruna of the loaded en The: result 


some ifregufarities w very 
course. d enti¢ely by 


device bh ds idescription. 
pou a small sigh t peach ot 
from the sitaj eel strips fit kni in the-notches and 
reach 'to notched idg which a 
oF: the 


rests while supportifig. oa 
displacenén the ig’ the direction of the” fea to 
pass thtough the inte inor and major axes. 

A te inter be expetenced when Searing the init load; the 


latter’s direction is n t isely plané ‘the 
considerably ‘iemt, ine! xure wi lop a:fhad he beng to 


warp through induced! which, pator i apt to mis- 
ex 


take for er, with a care, the plane 


THE S$ 


load is determined@sin ner afore-desc length jis thn 
duced by @ predetermined? anibunt rand; the! new? bue ing stoatvobtained. 
This process is continued until the len mes so short that the beam 
may break by simple bending. As_a ers of | pretautibn ‘it!is well to 
ascertain by a few tests = be Timi is for beams of given crogs sec 
tions, and then to re the limit. 


pi a loa the square of that len 4s a constant. le roxima- 

tion is so close that csquare is no doubt ab ut the generality of he law, par- 
ticularly so if great care has been Cece’ in making the tests and, of 
course, if the specimen used is p OF uniform size and structure throughout. 
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.| This: product is: termed ‘by: the writer the! buckling moment of the 
For ‘uniformly ‘distributed loads: and: for ‘special. forms of ‘loading the 
length. function'does not:always remain, in its final state, expressed: as: the 
‘square! ‘of! the length, as will! be shown In view of those cases the 
buckling moment’ might be expressed more generally as the product of the 
load by a function of the length. This is offered here as a convenient ex- 
pressi subsequent work by other investigators” a bet 
ter one, the: latter should be adopted if at all beneficial. 


Select of the’ same kind-ot wood-and having 
the same modulus. of elasticity. Let three of these, for example, have the 
same uniform: ht of section A, but each of different uniform thick- 
ness, b, Fig.y3"A. Let three others” be of the same “thickness,.b, but each of 
different height~ Fig: 3B: After each of these bars is tésted for the 
Second Law, and the results aré compared, dis found that for the three 
first bars the constants, and Consequently} loads, are proportional to 
the cube of the thickness; for the three others the loads Ate proportional 
to’ the heights of the section. A further comparison brings out the fact, 
Fig. 3C, that the, loads. are proportional-to.the products of the eiibe of the 
thickness by the ‘height t. This a eneral constant K 
is equal “in ; case to the value of th This constant 
remains to determined. 

Now, since the buckling load is the same ‘ioe any regular position of the 
beam, when the latter is trily vertical it becomes a strut and is not any 
more ” subjected to direct benditig action. The law established by Euler for 
the ‘similar conditions of “fixation and of 
loading is expressed by a formula which contains all the>factors uncov- 
ered by the above tests, plus the modulus of. elasticity-of the material and 
oné sinusoidal function. The- inference is that the product of these 
two constant sectnes: equals t value of K, the general constant. The 


“elasticity is-readily obtaifned-from bending tests. 
As a matter of fact it should be determined before proceeding with the 
buckling experiments, when thé bars are*still — and“not marred by 
the jaws of the-support. A-specimen is placed hagi Zontally flat upon two 
knife-edged supports, their distance a being sured. It 
is loaded at the middie, j ast <n it(quite rigid, but no record 
need be made of the load: The Sete distance from a point at the mid- 
dle of the beam horizontal, datum. plane is very: carefully measured. 
Then a known weight.is added to the-first Joad and the corr, ding de- 
flection is measured. Knowing.the length between supports,.the dimensions 
of the cross section, the second weight applied and its corresponding de- 
flection, the modulus E is<caleylated by the well known flexure equation. 
Introducing the value of the-calculated constant in the equations iderived 
from the-experiments, it is found true most convincing” degree of ap- 
proximation. At least, that has been the: of Writer when 


of (Wich? che: beam: plactd: ‘ite 
load is applied at the other end’ and another at some intermediate point 
‘of theslength, Fig, ‘Rither one! may: be increased: until. buckling occurs. 
It is found that each bending moment ant multiplied by its own lever arm may 
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be. tonsidered::as: buckling ‘PKL 
squared, being the buckling, moment :for-‘oné single :lodd, equals: P:<L, 
“squared. plus for any number'of bending’ forces: acting 
wertically along the: the »resultant: buckling anoment) equals: the «sum 
all thet moments,’ This is! a: important’ result. 
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ae canal may be extended 4 in a most usefulimanner by taking the first 
law into account. Thus, when any ‘thumber of forces act on the beam, as 
shown in Fig. 5,, whether perpendicularly.,or obliquely to its longitudinal 
axis, but always along the action plane ‘passing through the major axis of 
the section, the resultant; or total: buckling smoment: is: the: sum: lof ‘the 
component, buckling moments, ‘irrespective of the angle of direction iof the 
forces, provided, that this angle;:as ‘shown is equal to-or-less! than 
degrees, sl nwo ett vd boilgitlum tas-nom et 
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/\ NOTES. 


If the directions dt te frets. are are not all 
above \does not hold andithe case becomes véry compléx because the beam 
is then subjected to'twisting moments which are botind to cause local warp- 
ings and to w , considerably the resistance of the beam ‘to plain buck- 
ling. This question tequires caréful investigation and ere does 
not seem susceptible of easy solution, if-at all. 

When the angle.of: direction of anyone force is greater re 90 degr 
the expression ‘of buckling’ moment takes a special form, 
cludes a function: of that-angle. will, be seen later this function’ 
comes jin also for pe angles, but it vanishes automatically. | 


on Fonces vs. COMBINATION OF EFFECTS 


Fungamextaly, one force acting upon one material gota in space may be 
resolved into at least.two components. The simultaneous actions of these 
components tpon the point are equivatent to. the single action of the orig- 
inal force. The same holds true of the: ¢émposition of velocities, Very 
simple tests, however, bring forth a most interesting paradox, for which a 
satisfactory;explanation has not yet been found. 

In Fig. 6a beam is shown held obliquely. At the free end a sapenaion 
parallelogram is adjusted and connected to a loading platform A 
side o the beam one wire is connected to the cross bar at the free end, 
and ; running Over two small pulleys at the other end, extend down- 
ward for connection to a second loading platform B. Any load placed 
upon this platform produces a true axial compressiofi of the beam. Any 
load on A bends the beam, and when sufficiently increased buckles it. With 
each platform loaded the direction of the puff of the wires ceases to be 
truly axial, but because of the first law~the effect of the load B is not 
altered; that would complicate the following demo tion, however, and 
for the purpose in view the curvatute due to bending ‘will not be considered 
the beam being assumed. remain straight. 

buckling load. the constant length L,-is-ascertained 
the first law, it. may, be applied indifferently either. at r at B. 
‘The testsstiow that to 'be‘the-case.’ ‘If part Of ‘that todd ig ap; ied on one 
platform it is also found that the. load, applied on the other platform and 
which firtalfy’brings dut the’ is the between P 


and first’ load. or this 

Assumin; t the beam is at an leyof (60 an i 

for wentence, that the bis foad #8 41 pounds, Tf this'fokce 

solved |into two components, in strict with usual 

will be one bending force of 20.5 pounds and one axial ARS. ey force — 

of 35.5 pounds, very neafly. Ordinarily it would be taken for granted © 


' that thie effect on the beam would’ be the same whether the single force of 


41 pounds is applied vertically or-the two components be applied) simul- 
taneo' ly at the same point of the beam._ These tests show that that is not 
the case; on the contrary, if a load of 35. 5-pounds is placed on B not more 
than 5.5 pounds can be applied on A in order to. produce buckling. | More- 
over, load at A may be truly vertical, or obliqtte, or again be normal to 
the lorigitudinal axis and jin-effect a true bending — acting along the 
direction of the bending component. 


‘The jobvious conclusion’ from these observati that—in far as 
buckling is concérned—it is incorrect and unsafe lace one force iene 
its co e (resist ; 
sens euler the 
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NOTES: 371 
For instance, assume: that a vertical load’ of 41 pounds be a safe value 
for a given beam, the sum of the components, for a 60-degree angle, would 
be: 56 ‘pourids) and:the buckling ‘moment 36.6’per cent greaterthan: with the 

single: vertical ‘load, if the components were ‘substituted forthe? latter, 
for ‘the same beam, 41 pounds being the ultimate ‘load; assume: 30 
‘load. If this' force is. replaced ‘by its: two ‘com> 
ponents, 15 and ‘26 pounds, their’ sum ‘is'41-and. their’ cake 

would: buckle ‘the -beams, ‘pounds would 


that ‘fects: ‘of the forces are additive 
bikiative, as expected, makes it awkward to understaid’and to explain the 
résistatice of the’ beatn held inclined“ above thé horizontal and still more so 
For the upper condition, ‘the simultanéous ‘effects 
of the’ components would give, as per’the equation in Fig. 7, the sante buck- 
‘moment’ for ‘two’ points’ only, when’ ‘the angle ‘equals: zero’ or 90° de- 
grees.’ For’ any: intermediate" angle the moment would greater 
would be maximum at 45° degrees with @ Valtie then 41.4 per ‘cent’ greater 
ten the value recorded. The slight discrepancies ‘observed ‘in ‘the tests 
fully within ‘admissible limits, and’ the buckling loads ‘Practically iden- 
cal for ‘any angular’ position.” 
the ‘Seems ‘justifiable to consider’ the moment ‘the 
lin thé? upper position ‘as ‘composed of two simultaneous moments, 
one affecting the: projections ‘of L ‘upon’ the vertical ‘axis and equal’ to’ the 
proddct°of ‘the foad'P by the of that’ projection, and’ 
tothe prodict of ‘the load by Square of’ the’ projection of’ 1, 
horizontal;' ‘This is ‘¢quivalent’to tréating ‘the ‘vertical ‘projection’ a 
under axial compression and the horizontal asa beam subj simple 
bending. Each effect tends towards buckling the inclined beam, conse- 
quently the two may add. Since the expressions of the moments are func- 
tions of the angle, the sum of the squares of the projections reduce these 
functions to unity and they consequently disappear from the equation. : f 
With the under. position it is seen that the vertical moment does not © | 
tend towards buckling the beam, but, on the contrary, seemingly to steady . 
it; it may therefore be omitted. The horizontal moment remains, and 
alone tends to produce buckling. Consequently the first law may be ex-. 
| tended by an exception to the rule, and expressing that the buckling mo- 
’. ment of a beamr held inclined below the horizontal and loaded vertically © 
at the free end equals the product of the load by the square of the projec-. 
tion of the length upon the horizontal. ; 
Originally the writer was led, from the results of a few tests, to the con- 
clusion that the vertical moment was to be subtracted from the horizontal, . 
since it seemed to have a steadying effect; miore recent tests have shown | 
conclusively that it should be omitted. In other words, only the effects: 
tending towards the same end should be added. The loads applied tothe - j 
beam in the. under. position increased very rapidly with the angle; for i 
instance, at 45 degrees, the load is twice that at zero, for the same length, ea i 
of course. Besides, while the angle may be very carefully adjusted at the : 
point of fixation, under such considerable loads the curvature of the beam — : 
is very pronounced, so that at the point of application the angle may be | 
5 to 10 degrees greater. The tendency of the beam to twist at several oa 
points of its length makes it very difficult to secure accurate results, and 
this uncertain derived from the original, tests, 
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NOTES. 


TA SHERT oF BUCKLING MOMENTS. 


On. a. plate are shown. fifteen cases of loading: the 
for the ultimum buckling moment is given for each. ‘The formulae ex- 
pressing the effects of one or of several loads are derived from difect 
experiments, those dealing with uniformly distributed loads have: been es- 
tablished by computation. For practical use a factor of safety must be 
.. introduced ; its value depends on the mode of loading.and of support. 

However, it would be safe for all practical applications to multiply the 
buckling moments by 2, . Effectively, the tests show that,-as the load in- 
creases gradually, the beam vibrates very vigorously laterally at half load, 
and it is only after the three-quarter load is passed that the: vibrations 
become. decided], sluggish. 

Throughout this. article only beams, of uniform rectangular cross-sec- 
tion have. been dealt with, and the impression might obtain that the formu- 
lae-given here do not apply to. other forms of sections. It should, be 
stated, however, that they apply. equally well. to.any usual form, Numerous 
tests were, made with T, I and U, sections and the results. were invariably 
expressed in function of the, moment, of inertia of the Grasecpection, rer 
ferred to its vertical axis. .. 

Ina following article the great importance of the. beam supports, 0 of, ‘the 
attachments of the ioads, and of the secondary moment induced thereby 
will.be indicated for.a few cases selected at random. .The matter covers 
such a wide field, heretofore unexplored, it seems, that itis. deemed proper 
to urgently, requect the co-operation .of the engineering colleges in the 
pursuit of, laboratory. investigations, which are bound to prove. useful 
mainly in two ways; in the. elucidation of the ‘elasticity, behavior of,:ma- 
terials and, for. students. principally, ina facile and.true visualization. and 
tanding of the and effects of stresses.— 
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REAR ‘ADMIRAL FRANK HARVEY BAILEY, Ni 
sth esw show deed ail. 18 
bol constatit ‘progress in engineering 
mati who’ has retired! from ‘active service! for’ nearly a 
dévade'is apt to’ pass without sufficient notice Of the good work 
he hasdone unless some friend ‘who’ Wwas a: junior associate 
during *his ‘active ‘coritributes “a few memoranda”as ‘a 
of and: affeetion. “The! writer's ‘personas 


and short’ arid an extended ‘tour duty: st 
the Biiréau of Engineeting, during which! times the association 
Was cOfistant’ and 08! bo to 
‘Bailey ‘was’ oie “of modest Of with 
the hateral result’ that his great ‘ability and’ lovable charactet 
are only ktiéwn those whio ‘were thitown with hint intimately: 
He’ gave his whole attention to his workiand ‘notte to ‘exploiting 
_ whit ‘he had 'dorie, So thatthe getieral public hardly ‘knew hitn 
at He was: born’ in’ Cranesville,‘Pa., i in June, 1852; but 
moved ‘to’ Gowartida! New! York!)in’1866) “He took 
in''Sei6' College, the 
Naval'A cadenty'as'a ‘cadet engitieet in the’ of 'those 
Who took’ the course, ‘His ‘rerarkable ability and 
aptitude ‘for ‘engineering ‘showed from the begirinitig’ and ‘he 
graduated in June; 1975, at'the head of'a class which contained 
a number of ‘very’ able’ meri” “From ‘that tithe tiritif His ‘retire: 
tent he performed’ the! usual’ alternation! of duty’ at 
ont shote,*making “a récord’ Which was°always distin 
guished | for ‘the’ highest efficieticy. gto, ony, io dig. beta 
He was Professor of Martine ‘Engineering Cornell 
versity by detail from the Navy from 1885 to 1888, where 


373 


374 OBITUARY. 


‘he enjoyed the respect of the faculty and students for his 
attainments in his own branch of the profession and his gen- 
_ eral proficiency as an engineer. From 1891 to 1896 he was 
on duty in the Bureau of: Engineering, most of the time as 
Chics. Designer, was, during, this period. and A, later 
similar assignment, 
Navy. 

Admiral. Bailey was. a bom engineer, and; his, mind..worked 
like a beautiful, piece.of machinery in perfect condition... Every, 
problem. that;.came, up, for,.solution .was given careful and 
thorough study, and when he had finished, the work was, done 
and satisfied everybody as the, best solution.that could be made. 
He possessed in the highest degree, that. splendid; common 
sense, which another brilliant engineer once stated, to be, nine- 
tenths, of good engineering. .One,of the most notable, instances 
of this trait was his, rehabilitation of the.air pump engines of — 
some nine or ten of the early ships,of:,the new,, Navy, ..A 
description in detail.of, his-analysis and solution. of ;this, prob- 
lem, would be. very, interesting, but perhaps, out.of place, here. 
Suffice it.to say, that he made,a, complete, success,and secured 
entirely, satisfactory.,operation,, while all, the other, designers 
failed to improve the original condition, which, was a) constant 
source-of worry... Many other. instances, might, be; given, to 
show, the clearness with which-his mind handled, these prob, 
lems; but this.one, was a simple and: yery striking sllustration, 

Admiral Bailey; one, of .the ,most lovable. of, men, on 
account his remarkable evenness, of. temper and, uniform 
kindly, sympathy.) It, seemed impossible, for any, amount of 
nagging, to, arouse his anger, only, smiled, and turned,the 
incident. aside.as.one of; the unpleasant. things, of, life, which 
have, to be, borne, but which, the wise man,dogs not, permit:to 
disturb his.serenity. safe,to say, that, he had no enemies 
and that all of us who were privileged to,enjoy, his, friendship 
will always, ,it-as, one, of the precious possessions of jur 
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was devoted to the: Navy!.and took a: particular interest 
in: its! efficiency»as whole; ‘not content: to his'own branch 
doing good: work}:but anxious’ that. the whole great! organiza* 
tion: asthe marine arnt the military. power ‘should work 
hatmoniously,:and be pervaded by a spirit -of enthusiasm im 
all its officers. His ‘study of-conditions;:as they ithén: ‘were 
led: him to: suggest.as early as 1890 the atmalgamatiom of the 
line: arid: engineer cotps: which: finally ‘came ‘about: in 1899. 
The writer cemembers) well. numerous, occasions:on which 
Bailey discussed this, point with, him:in all cits! beatings): lt 
is interesting: in this connection’ to note that another talented 
officer of; great: ability who has: recéntly »retired dftér) a: dis- 
tinguished: career ;as:one of the best: strategists! imithd service 
also discyssed: this:same subject with the writer:about 1896 
andi suggested: amalgamation the standpoint’ ofi:a:line 
officers:' Thus it ‘happened. when the late Admiral: Ewans :pro- 
posed: the: amalgamation. to the:'Personttel \ 
the ‘writer: was a: member, the ‘latter was in positioni:to'say 


that ‘he:had: discussed this: with in 


both the’ling:and ‘engineer :corps: and ‘knew that; they weré 
favorable idea,:as:is to! students of :the 
subject,:dated back as: far as the timei whet Secretary Gideon 
Wells suggested the same: thing in 1865;:but the service: was 
not then ready for it. AsoPresident:Rodsevelt (them Assist+ 
ant Secretary of the Navy and Chairman of the Personnel 
well expressed it: “ We are not making a 
revolution; we are merely recognizing and giving shape to 
an evolution, which has come slowly but surely and naturally, 
and we propose to re-organize the Navy along the lines indi- 
cated by the course of the evolution itself.” 
Admiral Bailey took part in the two wars which occurred 
during his mature life. He was Chief Engineer of the 
Raleigh at the Battle of Manila, which was the first naval 
battle of any importance in which our vessels had engaged 
since the Civil War. The writer was on duty in the Navy 
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Department at: that ‘time and) a: few ‘days after the: battle 
received: a letter: from) Admiral: Bailey) written from» Hong 
Kong: in the-early part of April; 1898: In this letter he said: 
“ Itdooks very much as we would have'to lick the Spaniards 
at Manila; but we ‘are: not worrying about it and believe: that 
(During the: World War ‘he was: ‘recalled the retired 
list and assigned to:duty in the: Design Division of the Bureau 
of ‘Engineering, where ‘his ripe: splendid) judg- 
ment enabled him ‘to render valuable: service: 
our! friend: has made: his record and passes ion'as'one 
of :body ‘of fine and faithful: men who ‘have ever main- 
tained thé thigh ‘reputation-of the Navy by: performing: faith- 
fully and ‘efficiently every duty as <it::came: alongwithout 
thought’ special: reward: or as: to::;whether: it: might make 
them famous. Mary nates will occur to;all'who are familiar 
with the history | of the service ‘as: worthy :inclusion) in this 
faithful band.; ‘The -record of \their lives: is an inspiration 
to the: younger men ii iin: whose keeping: is ‘the reputation of ithe 
Navy ia: great: satisfaction !to:alk:of who 
love the-service to: feel that the ‘same high’ standard :of :devo- 
tion to duty: which :animated:‘our departed: friend and: the - 
others: like-him the. service: today andassures the 
maintenance the: highest efficiency; nad? Jon 
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IT BOOB: REVIEWS: met so bts 
Bribe: Second: Edition; Revised: and: Enlarged!) Di: Van 

» This as:its name implies;‘is for ship- 
builder, the man working in the’ shipbuilding: yard, ‘to «give 
him a: general knowledge: of the way)a! ship: is: built:from ‘the 
start of work inithe mold loft to the time:of»completion: and 
dock trials... Further, it! gives' in more detail! a‘ description of 
the actual work! ofthe different: trades! in the-shipyard, with 
particular reference 'to:the \work ‘of! the 'shipfitters and their 
allied: trades, mold: loftsmen,: shipfitters; chippers: and» calkers, 
and. riveters. For these: trades the: methodsi i work are“care- 
fully. given:with of tools, their proper’ use 
The book is prepared:as applying ‘specificatly' to: yards 
ing merchant cargo ships, and particularly, \it1 would appear; 
to these yards which grew:up during the wariin which exten- 
sive: foundries, machine: shops; et¢.; were notinclitdéd. 
chant) practice is consequently almost ‘entirely: referred: to "in 
spetific:instances,’ but the general information iHievertheless 
of.value. | hoow Gels bivorle sud erk oY 
sense is this a designer’ s: haridbook; and to ‘this: exterit’ 
it; may‘ be.said, to fill, am:existing want, for whileothere are’ 
many handbooks for designing naval architects. and engineers,’ 
this is, as far as is known, the-only handbook intended pri- 
marily for the mati in the shipyard: “Nevértlieless it“is'a' book 
which may! well’ be’studied ‘by apprentice’ ship ‘draftsman 
or any engineering draftsman taking up ship ‘Work, as it ‘brings 
out the'probleitis 6f ‘the steel’ worker iti theyatd and ‘the effect 
design may*have'upon the or difficulty of thig work.” 
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In this second edition, the original edition has been enlarged 
by the addition of two chapters, one on stop waters and oil: 
stops and one on tank testing. | These‘are two most important 
features in building a ship fromthe shipfitter’s point of view, 
and in| fact’ from‘any: point:of view. Stop ‘waters—and par- 
ticularly oilstops+-are’a subject’'which hdve come specially 
to the fore: with the catrying of :oil for fuely and: a’ propet 
understanding of their function together with a knowledge of 
what inaterials to use and how: to:use them is'of great imipor- 
tance in obtaining: evéntual» water and oil-tightness .of the 
various: patts the! ship: With regard ‘to tank: testing; this 
is:one of the»elements of ship construction: iin which skill 
inakes ‘itself: of: the ‘utmost value, and! im: which’ skilyigreater. 
Or 'less, may  tesult im large:savings'or expenditures.' in- 
formation given in- this: last-named chapter should therefore 
be great value to:the men ina testing’ gang! In this chapter 
itis) stated that i ‘for aiman to “be ‘a’ thorough! tank tester) he 
must havea: good: knowledge of ‘not only! whut doing} 
but how to do it correctly and why he is doing it.” It isobe- 
lieved this: senteni¢e epitomizes the idea with which ‘the whole 
handbook |is written) bap rear oni 
~The bookvis simple ini language and-easy to! read and>under- 
stand. It\should not only, be a valuable!textbook for trade 

schools.in shipyardsiand apprentice ship:draftsmen particularly 
under! ;conditions which have: prevailed during» the past!ifew 
years, but should be also a good book’of reference for super 
visors, in the shipyard. atid’ for; those mien: of the steel’ workers 
trades; who-wish toadvance byia thorough ‘knowledge of theit 
gnimgizsl voi sloodbasd 
Rogat,, By, HARRY; CASIN, D. | VAN; NostRAnD, Go. 205, 
This, book has .besn, prepared, with. aniew -tasits, 
school ;and college textbook, as .well.as forthe, practical, mam 
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who desires to broaden his knowledge. It is divided into a 


‘series of short lessons with questions at the end of each lesson 


to bring out the various points discussed, The book is well 
arranged and describes in easily understood language the con- — 
struction, installation and operation of boilers and fire room 
auxiliaries, There area, number. of, good. illustrations. 
‘There, are several statements, made. in, the book; with which 
the reviewer cannot agree. These are: : 
Page 39: “In all express:boilers high horsepower is ob- 
tained at a sacrifice of fuel as compared to the fire tube boilers.” 
Page 40: “ For: highest efficiene} per sq. ft. OF fieating sur- 
88: “ Main stop valve—asting ok iron.’ “(the 
best practice demands that’ Valves or fittings for high’ pressure 
steam must not be made of fast. Agon—cast steel is suitable 
and is largely used.) 


Page Coal. buckets-+carry: about 35 Ibs, of '¢oall.” 


(Coal buckets hold ‘About! 115° Ibs. of coal.) 


Page 117: “(C) Use pure’ minerat oil! is'@ |préveritive 
measure.” (Evidently' means Use! of’ pure mineral’ oils’ for 
lubricating purposes is'a preventive measure.) 

Page 121: “ The closed fire room system—is the léast’e¢o* 
nomical: of all» forced draft’ systems} is’ expensive tO’ itistall 
and is hard on the firemen.” (In the opinion of the reviewer 
this: system. is othe “efficient systéin and! once” 
requires less repairs to keep in efficient condition. “This 
tem overcomes: the ever“ present tienacé of setious itijury 


personnel existing in the closed ashpit system 


blowing back into the fire’ robm! from the ir pressure 
in the furnace. )—F. J. C. iloqsanA 
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The members and associates have joined ‘tie 
ciety ‘since the of the last nurt:ber of the JouRNAL: 


Buchalter, Benjamin, ‘Lieutenant, U. S. N.- 
Dettmann, F, C. L., Ensign, S. 
Virgil J., Lieutenant ‘Commander, U, 
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Bertino, José gentine Navy. | 
Burkhardt, John E., Bath: Iron! Works, Bath, 


Callan, John Lansing, Hammondsport, N.Y. 
Coleman, John, Babcock, & Wilcox. apse Liberty, St., New 
Esvisa, Joha., Norbert, Engineer. Argentine 
i Imboden, E, I, Planning & Estimating Section, Navy Yard, 
Mare Island, Vallejo, ci wood of 
ap Engrg. Cou, 2:Recton Sty New. York 


Paul J.,.Asst, Prof, P. Naval, Acad- 
emy, Annapolis, Md. onl} 


Maclain, James, 37 Walbrook, nes E, C. 4, England. 

Milne, James, Todd Shipyards Corporation, 25 Broadway, 
New York City, 

Schombert, John H., Bureau of Navy 
ment, Washington, D. C. 
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ADDRESSES. 


Please 6 not fail to advise the Secretary of any and all 
changes in your address, in order your. Jounrat may 
reach you promptly. 
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